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PREFACE 


Although many treatises are available in 
the market, but few serve the pumose of 
those students who want to go in for a quick 
revision in the face of time constraints. This 
book certainly steps in at that moment and 
serves that purpose. 

The book presents the subject ina simple 
and brief way to be digested by the students. 

At the same time it provides a large num- 
ber of terms and definitions. In short it is a 
ready recknor. 

The book will not only help those appear- 
ing in their school examinations but also 
prepare them for the various competitive 
tests in this age of competition. 

The book has been based on the syi- 
labus of the U.P. Board, CBSE and NCERT 


} have no doubt that the students would be 
immensely benefitted by the book. 

| would 'ike to invite constructive sugges- 
tions from readers so that necessary addit- 
tions could be incorporated in future editions. 
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HEAT 


Heat: it is an agent which produces the 
sensation of warmth. When an object is 
heated, its molecules begin to move 
faster. Heat always flows from a hotter 
body to a colder body. Heat is measured 
incalorie or kiiocalorie. The Si unit of heat 
is joule (J). 

Heating and Cooling of Substances: On 
cooling gases become liquid. When li- 
quids are heated, they cnange to gases. 
When solids are heated, they change to 
liquids. Liquids solidify on cooling. 

Calorie: \t is the amount of heat required to 
raise the temperature of 1 gm of water 
through 1° C. 

Kilocalorie: \t is the amount of heat re- 
quired to raise the temperature of 1 kg of 
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water through 1° C. 
1 kcal = 1000 calorie. 


Thermal Equilibrium: Wnen two bodies 
come in contact in such a way, that no 
transfer of heat takes place from one 
body to another, then the bodies are said 
in thermal equilibrium. 


Temperature: Temperature of a sub- 
stance is the degree of its hotness or 
coldness. Three temperature scales are 
commonly used for the measurement of 
temperature. These are °C or °F or K. 


(i) Celsius Scale: This scale was given 
by Celsius. On celsius scale, the 
temperature of melting ice, thatis melting 
point of ice is given the value 0°(zero 
degree) and temperature of steam is 
given by 100°. 


This scale has been divided into 100 
equal parts or degrees. Since there are 
100 divisions or degrees on the celsius 
scale, it is also called centiqrade scale 
(centi = 100 and grade = division). Cel- 
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sius scale is used particularly in scientific 
work. 
(ii) Fahrenheit scale: This scale was 
given by Fahrenheit. On Fahrenheit 
scale, ice point is given the value of 32° 
and steam point is given a value of 
212°, so that there are 212 - 32 = 180 
degree between the two fixed points. The 
Fahrenheit scale is generally used for 
household thennometers. 
(iil) Kelvin scale: This scale was given 
by Kelvin. On this scale of temperature, 
ice point has a value of 273 K and steam 
point has a value of 373 k and there are 
373 — 273 = 100 divisions between two 
fixed points. This is also known as Ab- 
solute scale of temperature. 
Conversion of Celcius (°C) to Fahrenheit 
(°F) to Kelvin (K) Scale: 
C  F-32_ K-273 


——— — ee 


100. 180 100. 
Also K= C+ 273 


10 Physics 


Specific heat: tt is defined as the amount 
of heat in calories required to raise the 
temperature of a unit mass of a sub- 
stance by 1°C(or 1°K). The SI! unit of 
specific heat is joules per kilogramme per 
kelviniie. J Kg 'K '. The specific heat 
of water is 4200 JKg_'K '. The specific 
heat of water is maximum. 


By stating that the specific heat of copper 
is 0.093 CaVG ° C, means that 0.093 
calorie of heat is required to raise the 
temperature of 1 Gm of copper by 1 de- 
gree centigrade. 

Molar specific heat at constant volume 
(Cy) It is the amount of heat required to 
raise the temperature of one mole of gas 
through 1 k, keeping its volume constant. 


S.Lunit - J mole" ' 


Specific heat at constant pressure (Cp) 
It is the amount of heat required to raise 
the temperature of one mole of gas 
through 1°C or 1k, keeping its pressure 
constant. 
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S.l.units - J mole’ 'k ' 
Cp is always greater than C, 
Relation between cp and cy 


R 
Cp - Cy = J 


where R= universal gas constant measured 
in Joules. 


Cp and Cy are measured in calories. 


Thermal Capacity: Thermal Capacity is 
the amount of heat required to raise the 
temperature of whole body through 1° C. 
Thermal capacity = mass of the body 
x sp. heat. 


The Sl unit of thermal capacity is joules 
per Kelvin (J/K). The common unit of 
thermal capacity is calories per degree C 
which is written as Cal/° or Cal C’. 


Types of Expansion: Solids expand on 
heating. The different types of expan- 
sions in solids can be classified as (i) 
linear (ii) superfluous and (iii) volume or 
cubical. 


Physics 


Linear expansion: Linear expansion 
means lengthwise expansion. It has 
been experimentally found that the in- 
crease in length of a metal rod, on heat- 
ing is directly proportional to 
(i) original length (ii) rise in temperature 

Coefficient of linear expansion: \t is the 
increase in length per unit length of solid 
when its seuar as is raised by 1° C. 


Unit of (A) = <~ Go 7°C or °C ' 


Co-efficient of eae axpansion: \t is 
the increase in area per unit area Of a Solid 
when its temperature is raised by 1° C. It 
is denoted hy B. Mathematically B = 2a. 

- increase area 
origiaal area x rise of temperature 

Superficial Expansion of Solid: The arsa 
wise expansion of metal sheet on heating 
is known as Superficial expansion. It has 
been found that increase in area of a Solid 
is directly proportional to the— 

(i) Original Area (ii) Rise in Tempera- 
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ture 


Relation between coefficient of (\) 
linear (li) superticial (Ill) cubical expansions. 
() B=2e 
(il) y= 3a 
Apparent expansion: \s the expansion of 
a liquid in which the expansion of its 
container has nct been taken into ac- 
count Is known as apparem expansion. 


Real expansion: \s the expansion of a 
liquid in which the expansion of Rs con- 
tainer has also been taken in account Is 
known as Its real expansion (or absolute 
expansion). 

Coefficient of apparent expansion of a 
liquid: \; ts the Increase in its volume per 
unk volume which appears to have taken 
place when Rt is heated through 1°C ina 
expandable vessel. 

Coefficient of Cubical expansion: tt isthe 
Increase in volume per unk volume of a 
solid when Its temperature is raised by 
1°C. it is denoted by 7. Mathematically 
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y= 3a. 
i __ U-VW 
Ve (T2- Th) 


where Vo = initial volume of the body 
V; = final volume of the body. 
Ty = initial temperature of the body 
T2 = higher (final) temperature of the 
body 
Coefficiant of apparent expansion (ya) 
_ ___apvarent increase In volume 
~ ofiginal volume x rise In temperature 

Coefficient of real expansion ofa liquid: 
The coefficient of real expansion of a 
liquid ts the increase in fs volume per unk 
volume which actualty takes place when 
it is heated through 1°C. 

Volume coefficient of expansion of a 
gas: The volume coefticient of expan- 
slon of a gas is the increase in volume of 
i cm? of the gas initially at 0°C when its 
temperature is ralsed by 1°C at constant- 
pressure. 
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Volume coefficient of gas 
_ increase In volume 
~ Ofiginal volume at 0°C x rise in temp. 


Fusion: \s the process In which a solid 
changes into a liquid on heating is called 
tusion or melting. When ice changes into 
water, it Is called fusion of ice (melting of 
ice). 


Vaporization: \s the process in which a 
liquid changes into a vapour (or gas) on 
heating Is called vaporization. When 
water changes Into vapour (steam) it is 
known as the vaporization of water. 


Latent heat: The latent heat of a substance 
is the amount of heat absorbed by a unit 
massotthe substance to change its state 
without change of temp. 


The fatent heat of fusion of Ice ts 80 
calones per gram mean that 80 calones of 
heat are required to change 1 gram of ice at 
its melting point of 0°C into a water at the 
same temperature (of °C). 


Latent Heat of Vaporisation: \t is the 
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quantity of heat required to change one 
kg of liquid to gas without change of 
temperature. Latent heat of Vaporisation 
of steam is the heat required to convent 
one kg of water to steam at 100°C.Latent 
heat of vaporisation of steam is 540 
kcal/kg or 2.27 x 10° /kg. 


Calorimetry: The subject that deals with 
measurement of heat. 


Principle of Calorimetry: When a hot 
body Is mixed with cold body, then heat 
lost by the hot body Is equal to heat 

- gained by the cold body. or 

Heat gained = Heat lost 


Apparent expansion: The expansion ot a 
liquid that includes the expansion of the 
solid container is denoted as apparent 
expansion. 

Real expansion (absolute expansion): |s 
the actual expansion of a liquid. This 
expansion does not include the expan- 
sion of the container. 


Coefficient of apparent expansion of a 
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liquid: 


apparent increase in volume 
original volume x rise in temperature 


‘Coefficient of real expansion of volume: 
Is the actual Increase In volume per unit 
volume per degree rise in temperature. it 
is denoted by 7, 

Volume coefficient of expansion of a 
gas: \s defined as the increaseJn volume 
per unit volume at 0°C, when its tempera- 
ture is raised by 1°C. Volume coefficient 
of agas 

_ _ Increase In volume 
~ original volume at 0°C 
x rise in temp. 
Relative humidity: is defined as the ratio 
between the amoum of water actually 
present in a given volume of alr to the 
amount of water it can hold 


RH. = = x 100 
Ma 


where mm = mass of water presert in the 
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gtvon volume ol alr, and 
M2 = tnass of water the given volume 
of air can hold. 
One leels comfortable whentemperature 
Is 22- 25°C and R_H. about 50%. 

Heat: The physical quantity which Is ex- 
changed between a hot and cold body 
during the time they are in contact and 
their temperature Is changing Is called 
heat. 

Effects of heat: Materials expand on 

heating. Due to expansion of materials. 
(|) a small gap Is left between the rails. 

(il) sag ts left In telephone and electric 
wires as they contract in winter. 

(ill) a glass tumbler often cracks when 
bolling water Is poured into ft. 

(lv) pipes are given loops at regular inter- 
vals. 

(v) Inthe design of bridges, steel girders 
are placed on rollers. 


Thermometric scale: This scale ts used 
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for measuring temperature or degree of hot- 
ness of a body is known as thermometric 
scaie or thermometer. Two fixéd tempera- 
tures are required for setting the temperature 
range of any thermometer. 


These two fixed temperatures are called 
the fixed points of the temperature scale. 


(i) The metting point of pure ice under 
standard atmospheric pressure is 
taken as the lower fixed point of a 
temperature scale. itis also known as 
ice pole. 

(Il) The bolling poim of pure water under 

' standard atmospheric conditions is 
taken as the upper fixed point. It Is 
atso known as steam point. 


Two commonly used scales are Celcius 
scale and Fahrenhett scale. 


Calcius ecale of temperature: This scale 
was prepared Celcius. The lower fixed 
point (meRing point) of ice on this scale 
is 0°C, and uppertixed point (boiling point 
of water) on this scale Is 100°C. The 


20 Physics 


whole scale fs divided Into 100 parts. 


Fahrenheit scale of temperature: This 
scale was suggested by Fahrenhelt. The 
lower fixed point on this scale is 32°F and 
upperfxed polntis212°F. Thusthe num- 
ber of degrees between. the two fixed 
points on this scale = 212. 32 = 180. 


(In India Celclus scale is preferred over 
Fahrenheit scale. This is also the standard 
scale used in Indla.]} 

The following equations are used forcon- 
vetting Caiclus temperature to Fahrenher 
temperature and vice versa. 


C= 20 - 32) °F = 1.8(°C) +32 


Normally the temperature of a healthy 
person is 98.6° F or 37°C. 

Phenomenon of Thermal Eqillibrium: 
imagine two containers (4 one of bolling 
milk and other (i) of ice tying in a room. 
When both of these containers are kept 
In room, Rt ls observed that the tempera- 
ture of milk starts falling and ice begins 
to mek. 
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Wheres are but lett tor more time, it is 
proathbs that milk has cooled consider- 
ab ole of ice has changed into water. 
When this water is left for some time, the 
temperature of water starts rising. 
Finalty both the containers indicate the 
same temperature. It is also the tempera- 
ture of the room in which these con- 
tainers are lying. When the temperature « 
of the body and Its surroundings is the 
same, the body is said to be in thermal 
equilibrium. 

This experiment shows that (4 heat flows 
from hotter body to colder body (/) hotter 
body loses heat whereas colder body 
gains heat. 

Method of Caiculating apecific heat: 
Specific heat of a substance is the 
amount of heat required to raise the 
temperature of a unit mass of a sub- 
stance through one degree Kelvin (Cel- 
cius). 

When a substance is heated, its 
temperature rises. When a hot body is 
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cooled, it loses heat and its temperature 
Starts falling. The heat absorbed or given 
out by a substanceis directly proportional 


to- 
Q= mxCxT 
where m= mass of the body (or sub- 
Stance) 


C= specific heat of the body (or 
Substance) depends on the 
nature of material of the body 


T = change in temperature of the 
body (or substance) 
Heat absorbed (or given out) = mass x 
specific heat x change in ternperature 


Specitic heats of some substance at 
20°C are given here 


Thermal expansion: When a substance 
is heated, the energy of its molecules 
increases. Ina solid, the Molecules lie in 
a regular geometrical pattern in all the 
thrae dimensions. 

Heating of a substance increases the 
lattice distance of a substance. It results 
in expansion of solids. It is a reversible 
process, and substance contracts on 
codling. Expansion: also takes place in 
liquids and gases. 


Latent heat of Fusion: This heat of fusion 


of ice is the amount of heat required to 
convert 1 kilogram of ice into water at 
O°C. 

Similarly latent heat of fusion of solid is 
the amount of heat required to convert 
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one kg of solid into liquid at its melting 
point. 


Latent heat of fusion of some 
substances 


Substances Latent Heat of fusion 
Kcal/kg Jk 


3.21 x 10 


Latent heat of Vaporisation: This latent 
heat of vaporisation of water is the 
amount of heat required to convert 1 kg 
of water into steam at its boiling point. 


The latent heat of vaporisation of a sub- 
stance is the amount of heat required to 
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convert 1 kg of liquid into vapours at its 
boiling point. 
Latent heat of vaporisation of some 
substance 


Substances Latent heat of Fusicn 
kcal/kg Jka 


540 22.5x 10° 
Mercury 


Alcohol 
Sulphuric Acid 


Thermometeris an instrument for measur- 
ing the temperature of a body. A ther- 
mometer works on the expansion of a 
liquid (like mercury or alcohol) with 
temperature. Mercury is most commonly 
liquid which is used in thermometers. 

Advantages of mercury as a ther- 
mometric substance : 


e @ e 
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(t) Mercury has uniform expansion rate 
(ii) Mercury does not wet the glass 

(i) Mercury does not vaporize easily 

(iv) Mercury is opaque 

(v) Mercury is good conductor of heat so 
quickly attains the temperature of the 
body. 

(vi) Mercury fas low freezing point of 
-- 39°C and high boiling point of 
357°C. 

(vii) Mercury is available in pure form. 

Calorimetry: Calorimetry means meas- 
urements of heat. 

Principle of calorimetry: When a hot body 
is mixed with a cold body, the heat lost 
by hot body is equal to the heat gained 
by cold body, provided no heat is allowed 
to escape to the surroundings. 

Heat lost = Heat gained. 

Equilibrium temperature: The resultant 
temperature obtained by mixing a hot 
substance with a cold substance is called 
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the equilibrium temperature. 


Saturated air: \t is found that at any given 
temperature aircan not hold more thana 
definite amounts of water vapour. When 
the air holds this maximum amount of 
water vapour. It is known as saturated 
air. Air is rarely saturated. {t contains 
muchiess water vapour than the maxi- 
mum limit. (Chas been found that with the 
increase in temperature air can hold 
more water vapour. 

Hygrometer: The instrument used for 
measuring the relative humidity of air is 
called a Hygrometer. To find the relative 
humidity of air a dry and wet bulb 
hygrometer is used. 


LIGHT 


Light: It is an agent which produces in us 
the sensation of sight. It, itself is invisible 
but makes the other objects visible. It 
may be defined as the radiant energy 
which produces the sensation of light. 

Reflection: The bending oi light to the first 
medium from the surface of separation of 
the two media. The rays are sent back by 
this process. The phenomenon of reflec- 
tion of light is shown in Fig. 

Refraction: The bending of light from its 
Straight path as it enters from one 
medium to another. 


Luminous Body: A body that emits fight 
itself is called as luminous body. (star, 
sun, fire etc.) 


Non-luminous body: A subStance that 
28 
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does not emit light itself. 


Optical medium: A substance or any por- 
tion of space through which light can 
pass is known as optical medium. It can 
be solid, liquid or gas. 


Homogeneous or isotropic medium: 
Medium possessing same optical 
prorerties in all the directions. 


Heterogeneous or anistoropic medium: 
Medium possessing different optical 
properties in different directions. 

Transparent body: \t is a body through 
which light can pass easily. (air, glass 
etc.) 

translucent body: It is the body through 
which light can pass only partically, so 
that object can be seen only indistinctly. 
(oiled paper) 

Opaque body: It is a body which does not 
allow light tc pass through it e.g., bricks, 
wood etc. No substance is perfectly 
transparent or perfectly opaque. 

Ray of light: The path along which light 
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travels in a homogeneous medium is 
called the ray of light. 


Beam of light: A snown in Fig. the group 
of parallel rays is known as beam of light. 


ea 
SEE 
Sa 
— ee 


Fig. Beam of Light 


Pencil of light: A group of inclined says of 
light diverging from a point source or 
converging to another point is called a 
pencil of light. 


aR ree —b 
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Divergent pencil: \t the rays of iight are 
diverging from a point source So that the 
distance between the rays goes on in- 
creasing as they move forward, then the 
group is known as divergent pencil as 
shown in figure. 

Convergent pencil: \f the rays of light are 
converging to a point so that the distance 
between the rays goes on decreasing as 
they move forward, then the group is 
called convergent pencil as shown in the 
figure. — 

Reflection of light: The process of send- 
ing back the light rays which fall on the 
surface of an object is known as reflec- 
tion of tight. 

Incident ray: The ray of light originating 
from the source and falling on the surface 
of a mirror. 

Point of incidence: The point at which the 
incident ray comes in contact with the 
mirror. 

Reflected ray: The ray of light which is sent 
back by the mirror is known as the 
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reflected ray. 

Normal: The nomnal is a line at right angles 
to the mirror surface at the point of in- 
cidence. 

Angle of incidence: The angle of in- 
cidence is the angle made by the incident 
ray with the normal at the point of in- 
cidence. 

Angle of reflection: The angle of reflec- 
tion is the angle made by the reflected 
ray with the nomal at the point of in- 
cidence. 

Regular reflection: When a beam of paral- 
lel light rays falls on a shining, but plane 
surface, the light rays are reflected back 
in the same order. It is regular reflection. 


Fig. (a) Regular Reflection 
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Irregular reflection: When light beam falls 
on rough but uneven surface the light 
rays reflected back in many directions. 
This is known as irregular reflection. It 
gives scattered or diffused light. 


Fig. (b) Irregular Reflection 


Laws of reflection: The reflection of light 
from a plane surface like that of a plane 
mirror takes place according to two laws 
which are known as the laws of reflection. 
(a) First law of reflection. The incident 

ray, the reflected ray and the normal 
all lie in the same plane. 

(b) Second law of reflection. The angie 
ot reflection is always equal to the 
angle of incidence. 

Lteee 
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Rotation of a plane mirror: When a plane 
mirror is rotated through an angle g. The 
image is rotated through an angle 29. 

Spherical mirror: is that mirror whose 
reflecting surface is the part of a hollow 
sphere of glass. 

Concave mirror: A concave mirror is that 
spherical mirror in which the reflection of 
light takes place at the concave surface 
(or bent in surface). 


Incident light 


Fig. Concave Mirror 
Convex mirror: As shown in Fig. in a 
convex mirror the spherical surface at 
which the reflection of light takes place is 
convex or the surface bulges outwards. 
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Fig. Convex Mirror 
Real image: An image that can be taken 
ona screen. 
Virtual image: An image that cannot be 
taken on a screen. 


Sign convention used in mirrors: 
(i) Al! distances are measured trom the 
pole of the mirror. 
(ii) Distances opposite to the direction of 
incident ray are taken as negative. 
(iii) Distances in the direction of incident 
ray are taken as positive. 


(iv) If the image is real v is taken as 
negative. If the image is virtual, v is 
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taken as positive. 

(v) Focal length of a concave mirror is 
negative. The focal length of a con- 
vex mirror is positive. 

(vi) Downward distances are taken as 
negative (-ve) 

(vii) Upward distances are taken as posi- 
uve (+Vve) 


Mirror formula: 


1 1 

image distance object distance 

_. 3 

~ focal length 

Relation between radius of curvature 
and focal length of mirror: The focal 
length of a concave or convex mirror is 
equal to half tne radius of curvature. 
f 


f=5 


Magnification: Ratio of the images to the 
size of an object. 
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Parallax: Apparant shift between the rela- 
tive position of two objects or object and 
image when eye Is moved sideways. 


Notations used for Mirrors 
f = focallength 
u= distance of the object from 
the mirror or lens 
v = distance of the image from 
CARH GC MOE 


M= magnification 
O= size of the object 
{ = size of the image 
Image formed by a concave lens: 
(i) When the object bs at infinity: (see fg) 


Fig. 
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image formed is real inverted and 
point. 

(ii) Object is beyond the centre of curva- 
ture: Image lies between F and C. 
The Image is real, inverted and of 
diminished (see fig.) 


Fig. 

(ili) Object lies between C and F: The 
Image is formed beyond E. The 
image |s real, inverted and enlarged 
in size. (see fig.) 
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Fig. 

(iv) Object lies the centre of curvature: 
The image is formed at the centre of 
curvature. The Image is real, inverted 
and of same size (see fig.) 


> ePFr yy 


Fig. 
(v) Object les between the pole and 
focus: The image formed is virtual 
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erect and enlarged. The image is 
formed behind the mirror. (see fig.) 


Fig. 
(vi) Object flies at principle focus: The 
image ls formed at infinity (see fig) 


Fig. 
Formation of image by a convex lens: 
The image canbe formed at any position. 
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The Image ts virtual erect and diminished 
in size. (see fig.) 


Fig. 

Spherical abberation: The property of 
concave mirror to focus all parallel rays 
of a wide beam of light at a fixed point. 
Convex lens: It ls a Converging lens as 

shown in fig. . 


Convex surface 


Fig. 
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image formed by a convex lens: 

()) When the object lies at Infinity: The 
image is formed at the focus and is 
real, inverted and very small (see fig.) 


Fig. 
(i) When the object lies beyond 2F: The 
Image tormed ts real but smaller and 
inverted (see fig.) 
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(ii) When the object iles at 2F: The image 
formed ts real but Inverted and of 
same size (see fig.) 


Fig. 

(MW When the object lies between F and 
2F: In this position the image Is 
formed beyond 2F. The image Is real 
inverted and enlarged (see fig.) 


Fig. 
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(V) When the object lies at F: The image 
is formed at infinity (see fig.) 


Fig. 

(vl) When the object lies between F and 
the optical centre: In this position the 
image Is formed on the same side of 
the lens. The image Is virtual, erect 
and highly magnified (see fig.) 
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Image formed by concave lens: The 
image formed by a concave lens is erect 
but virtual small in size and on the same 
side of the object as shown in fig. 

Power of a fens: The ability of a lens to 
bend the rays passing through itis known 
as power. 

1 
focal length in metre 
_ 100 
~ focal length in cm 
itis measured in diopteres. The power of 
a lens of 100 cm focal length is 1 diopter. 

Human eye: Human eye forms the real 
image on the retina. The eyeball is a 
nearly spherical chamber and-can be 


Power = 
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rotated in the socket by means of it’s six 
muscles. The outer coating called 
sclerotic consists of fibruous white tis- 
sues. The front part of sclerotic is 
transparent. 

A normal eye has power of accommoda- 
tion which enables objects as for as in- 
finity and as close as 25 cm. to be 
focussed on retina. 

Near point: The shortest distance at which 
an eye can see cieany is called the near 
point. 

Least distance: \t is the distance at which 
an eye can see Clearly. It is taken as 25 
cm for a normal eye. 

Myopia or short sightedness: \t is the 
defect of the eye when it cannot see far 
off objects clearly. Myopia occurs due to 
(a) 2longation of the eye ball or (b) 
decrease in focal length of the lens. 
Myopia is corrected by a concave lens. 

Hypermetropia or long sightedness: \t is 
the defect of the eye when it cannot see 
near objects cleanly. This defect can be 
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corrected by using a converging lense of 
correct focal length. 

Astigmatism: \t is a defect of the eye when 
a Straight object looks as curved. It oc- 
curs due to asymmetric curvature of eye 
lens. This defect is corrected by using 
cylindrical lens. 


Difference between a camera 
and an eye 


The image is formed | The image is formed 
on the photo graphic | on the retina. 
Diate. 


The objective has/| The focal lengths get 
fixed focallength. j|adjusted witn dis- 


tance. 


Camera is enclosed|Light reaches the 
in light tight box to|less through the 
protect it from light. | pupil. 


The quantity of light}Eye lids act as 
is controlled by the| diaphragr). 
diaphragm. 
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Photographic plate 
can be used only 
once. 


The image formed 
on the retina is 
erased automati- 
Cally. 


In a camera, the 
image is formed bya 
convex lens made of 
glass. 


in an eye, the image 
is formed by a 
convex lens made of 
a transparent and 
flexible substance. 


A real and inverted 
image is formed on 
the retina. 


In camera, real and 
inverted image is 
formed on the 
photographic film. 


The diaphragm 
controls the amount 
of light in a camera. 


The iris of the eye 
controls the amount 
of light entering the 
eye. 


The time of exposure 
in a Camera is 
controlled by a 
shutter. | 


[The time of expo- 
‘Sure is controlled by 
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Astronomical telescope: As astronomical 
telescope is an optical device mainly 
uSed to See distant object (astronomical 
bodies such as stars, planets etc.) 


Construction: \t consists of two convex 
lenses. The convex lens which receives 
the light from the object is called the 
objective, the other lense which is closed 
to the eye is called eye piece. The dis- 
tance between objective and eye piece 
can be arranged to obtain a sharp image. 
Working: Light rays from a distant object 
form a parallel beam of light. This parallel 
beam of light is incident on the objecti. a 
lens, after ” fraction through this obdjec- 
tive lens, a sharp real and inverted image 
ABis formed (see fig.) at the focus of the 
objective. . 
The eye piece is so adjusted that this 
image AB lies at the focus of the eye 
piece, thus final image is found at infinity. 
The telescope is then set to be a nomal 
adjustment. 
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Magnifying power of a microscope: |t is 
defined as the ratio of the angle sub- 
tended by the image at the eye to the 
angle subtented by the object. It is 
denoted by M. 


D 
M=1+ ; 
where D= distance of the image trom the 
principle pole. 


Dispersion: The phenomenon of splitting 
of whi'e light into its constituent colours 
is known as dispersion. When white light 
incident from the first Surface enters the 
prism, then each colour is refracted by 
cifferent angles. This is known as disper- 
sion of light. 

The angle between the two emergent 
rays is known as angular dispersion of these 
colours. The angular dispersion 6 = Sy - 5a. 

Where dv and dr are deviations for violet 
and red colou.s. 

The ratio of angular dispersion between 
two colours to the deviation of mean ray 
produced by this prism is called the disper- 
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sive power of material of the prism for those 
colours. 


Dispersive power w= oy 5 Bn 

where 6 is the deviation of mean ray 
dv and d5rare the deviations of violet and red 
rays respectively. 

Spectrum is the coloured pattern ob- 
tained on the screen after dispersion of light. 
{f there is not overlapping of the colours, it is 
called a pure spectrum. A spectrometer is a 
device for analysis a beam of light into its 
component colours. The spectra is classified 
as follows: 

Spectra 


Emission Absorption 
Continuous Discontinuous 


Line Band 
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Continuous spectrum: it consists of a 
wide range ol unseparated wavelengths. 
Dense hot gases and white hot solids 
give continuous spectrum. 


Line spectrum: This spectrum consists of 
shamp lines of definite wavelengths. Sub- 
stances in atomic states (Sodium vapour 
lamp, mercury vapour lamps, gases in 
discharge tubes) give line spectrum. 

Band spectrum: This spectrum consists of 
bright bands each having a sharp edge. 
incandescent vapours in the molecular 
State (calcium or barium salts in the bun- 
sen bumer flame, nitrogen in molecular 
State in vacuum tube) give band spectra. 
When light from a source is examined 
through a spectroscope, emission 
spectrum is obtained. On the other hand, 
when light emitied from a source is made 
to pass through a spectroscope, absorp- 
tion spectrum is obtained. 

Visible and Invisible Specturm: The 
spectrum which Is spread from 4000 A to 
7800 A and consists of red and viclet 
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colours at its each end respectively is 
known as visible spectrum. The 
spectrum beyond violet-end of visible 
region ts known as ultraviolet spectrum. 
It ranges from 4000 A to 100 A. The 
spectrum beyond red end of visible 
region ls known as Infra-red spectrum. it 
ranges from 8000 A to one mm. Ultra- 
violet and infra-red constitute the in- 
visible spectrum. 

Fluorescence: The phenomenon of ab- 
sorption of ght of one wavelength by a 
substance and then re-emission of light 
of greater wave length Is known as 
fluorescence. 


The phenomenon of re-emission of 
visible light even after the incident light is 
cut off ls known as phosphorescence. 


Secondary colours: Secondary colours 
are produced by mixing two primary 
colours. The phenomenon of production 
of secondary colours, from primary 
colours can be well understood by the 
following experiment. 
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Take three light torches first cover the 
glass of one with green cellophane, the 
other with red and the third with biue. Set 
the torches in the dark room and switch 
on the lights. Take the projections of 
these lights on the screen. The calours 
overlap and different shades are 
produced. The following colours are 
produced by mixing two colours. 

red + green = yellow 

red + blue = magneta 

blue + green = cyan or peacock blue 
Mixing of three primary colours In diffe- 
rent proportions gives the entire 
spectrum ot colours. 

Unit of power af a lene: The S{ unk of the 

power of a lens is dioptre which Is 
denoted by the letter D_ 


Power of Jens, pot it f= 1 metre 


Then P= 
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Lens formula: Lens formula is the relation 
between the distance u of an object the 
distance v of Its Image from the optical 
centre of the lens and the focal length f | 
of the lens after applying the sign ccnven- 
tion. l.e., 


(same for both concave and convex lens) 


Magnification: A linear magnification 
produced by a lens fs equal to the ratio of 
the image distance to the object distance. 


v 
m=— 
u 


Simple microscope: Convex lens of small 
focal length is a simple microscope. 
When an object Is placed between focus 
and the lens and enlarged image is seen, 
which Is visttual and erect Figure. 


Convex fens is also called a reading 
glass, due to this property and is used for 
paim reading and examining signatures etc. 
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It converges light. | it diverges fight. 
It has real focus. (t has virtual focus. 


Refraction of light (or bending of light): 
The change In the direction of light when 
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it passes from one medium to another is 
known as the refraction of light. From 
figure the angle between the incident ray 
and the normal is called the angle of 
incidence Z AON. The angle between 
the refracted ray and the normalis called 
the angle of refraction ZNOB. 

Cause of refraction: The retraction of light 
takes place on going from one medium 
to another because the speed of light is 


Incodent 
A Ray N(Normal) 


WB 
Rectangular 
Glass slab -# 


Fig. 
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different in the two medium. The refrac- 

tion of light on going from air into glass 

takes place because light travels faster 
in air but less in glass. 

Optically rarer medium and optically 
denser medium: A medium in which 
the speed of light is more is known as 
optically rarer medium (or less dense 
medium). Air is a rarer medium as com- 
pared to water or glass. A medium in 
which the speed of light ts less Is known 
as optically denser medium. 

Here are two Important Rules: 

(I) When aray of light goes from a rarer 
medium toa denser medium, itbends 
towards the normal at the point of 
incidence. 

(ii) When a ray of light goes from a 
denser medium to a rarer medium it 
bends away from the normal at the 
point of incidence. 


Laws of refraction 


1. The incident ray, the refracted ray 
and the normal at the point of In 


Light 
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cidence ail lie in the same plane. 


. The second law of refraction is also 


known as Snell's law of refraction. 


. According to this law of refraction the 


ratio of the sine of the angle of In- 
cidence to the sine of the angle of 
refractionis aconstantforagivenpalr 
of medium. 


sin/ 
That is SInr = constant = (Mu) 


Refractive index of a medium, 


_ sini 
~ sine 


Since (he refractive index is a ratio of two 
similar quantities (the sines of angels), it 
has no units. {t is a pure number. 


OPTICS 


If {be the intensity of illumination and Q, 
the amount of light falling per second 
upon any area A, then 


Q 


j= — 


A 


Also /= 3 where ris the distance of the 


point from the source and L the illuminat- 
ing power of the source. 


Principle of Photometry: lf two sources 
produce equal intensities of iltumination 
on a screen then their illuminating 
powers are directly propertional to the 
squares ot their distance from the 
screen. 
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i.e. Se 


Laws of Reflection: 


(a) The incident ray, the normal and the 
reflected ray lie in one plane. 


(b) The angles of incidence and reflec- 
tion are equal. Remember if a plane 
mirror rotates through a certain angle 
say 8, while an incident beam 
remains Stationary, the reflected 
beam rotates through 28. 


In the case of a plane minor the 
image lies as far behind as the object 
is in front of its. 


(d) With a plane mirror the image formed 
in virtual, erect and laterally inverted. 


Spherical Mirror: The inner surface is a 
reflecting surface, it is called concave 
mirror. \f the outer-surface is a reflecting 
Surtace It iS called convex mirror. Centre 
of curvature of a spherical mirror is the 
centre of the sphere of which the mirror 
iSapant 


(c 


— 
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— 
JAR AL 


If v, u fare distance of image, distance of 
object and focal length respectively we 
have for any mirror. 

tlle! 


vou f 

Sign Convention: Negative x axis points 
are taken with their distance negative 
and on poSitive axis aS positive distan- 
ces. Simply the points on the positive and 
negative yaxis 

Magnification: The ratio of the size of the 
image to the size of the object is called 
linear magnification m. 


V 
ee a 
U 
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The distance u, v, Vv afe taken as p 
ositive or negative, according to the posi- 
tion of the object, position of image and 
focal length of the mirror. 


For Concave mirror u, fare always nega- 
tive and v will be negative for real image 
and will be positive for virtual image. 


In caSe of convex mirror, u is negative 
and u, fare always positive. 


Acerture: It is the diameter of the circum- 
ference of a spherical mirror 


‘+. Refractive index » of a medium 
_ Velocity of light in air or vacuum 
~ Velocity of light in the medium 
(ii) From Snell's law of refraction 


Refractive index p = sm 


where 
i= Angie of incidence 


r = Angle of refraction. (When a ray of 
light in a rarer medium enters into a 
denser medium) 
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(iit) If an object is placed at the bottom of 
a transparent medium of refractive 
index, it appears to be raised up n, 
when viewed from above. In this 
case, 


_ Real depth | 
~ Apparent depth 


1 
= ——, wher i iti : 
(iv) sin C where Cis a cntical angle 
It is defined as the angle in a denser 
medium for which the corresponding 
angle of refraction ‘s 90”. 


(v) ” sin (A+ 8)/2 
vi sin A/2 where A is the 


angle ot prism and 3 is the angle of 
minimum deviation. 


(Vi) If 4up,isthe refractive index ot medium 
‘b wrt. ‘a’ and ya is the refractive 
index of Medium ‘2’ w.r.t. ‘b’. then 

tla = 


b, 
Ma 
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or aera + z (Thinlens formula) 
R veoev 
in the case refraction from air to the 
medium with refractive index jp. 
Power of a lens D is 
1 
~ focal length expressed in metres 


Silvering one surface: \f one, surface of a 
thin lens is silvered, the rays are reflected 
back at the silvered portion. Generally 
the focal length of the effective fens is 

1 1 
given by en x 7 

Where fis the local length of the mirror 

or lens, to be repeated as many times as 

the reflection and refraction respectively 
is repreated. 


(i) If a plano-convex lens is silvered at 
its plane surface as shown in the 
diagram we find rays from the object 
retracts first at the surface ‘a’ and 
reflecis at the surface ‘b’ and again 
refracts out at the surface ‘b’ and 
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again refracts out at the surface ‘a’ 


-Then focal length of the lens say F, is 


given by 


and the focal tength of the mirror Fm ts 
iven Db See 
9 y r,., = 2 


Thus aes 
1 


Fig. 


Optics 67 


(ii) In a Plano convex jens be silvered at 
its convex surface then proceeding 
as above we get 


5 ee eee 1 


Poh te Fy 
se srg eh. +, JR 
~ Fy R/2 2 
1_2p 
Also ER 


| (iii) In the case of a double convex lens 
with a convex surface of radius FR is 
silvered then proceeding as above 


es oe 1 2 2 


a fe pS 
F of; fm Fy Fy Pe 
There are two necessary conditions for 
totoal internal reflections : 
(1) The rays should travel from a denser 
medium to a rarer medium 
(2) The angie of incidence in a denser 
medium should be more than the criti- 
calangie, 


Prism of small angle (thin Prism): When 
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the angie oc! prism is less than 10” the 
d=(u-1)A 

Rememver: For maximum deviation by a 
prism 
(a) the argie ot incidence must be 90° or 
(b) the angle of incidence corresponding 

te yrazing emergence. 

Angular Dispersion or Angular separa- 

tion of the spectrum and Dispersive 
Power. 
If 5, and o. are the deviation for the violet 
and red colours cr wave lengths and uv 
and u, he the respective refractive tn- 
dices, then the angular dispersion is 
given dy: 

Angular Dispersion 

= dy - 6;= (Uv - py). A 
Dispersive Power = 
_ vib Bom pe 
sane a 
If wand wW are the dispersive Powers of 
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two prisms then 


om}|o 


wy 
Ww 
and 8 and & are the mean deviations 
produced by two prisms. 


Chromatic aberration is defined as the 
horizontal distance between the red and 
violet images formed by lens and is equal to 


f-h=wt 
where f,, f,, fare the focal fengths for red a 
violet and yellow colours. 
Velocity of Light 
(i) Velocity of light by Fizeau’s Method. 


The velocity ot light, when first eclipse of 
the image takes place is given by:- 


V=4 mnd. 
Where 
m= number of teeth or spaces in 
the toothed wheel 


n= Frequency or number of 
revolutions made per 
second by the toothed 
wheel. 
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d= distance between the con- 
cave mirror and toothed 
wheel. 


For any eclipse the formula is -- 


where P = Number of eclipse that has 
occurredi.e. P= 1, 2, 3,4, etc. 


(ii) Focaurt's Rotating Mirror Method - 
The velocity of light is given by the for- 


mula V as 3nnb& 
~ Mat Qh 
where n= Number of revolutions made 
per second by the plane mir- 
ror. 


d= Oistance between concave 
mirror and revolving plane 
mirror. 


a= Distance between plane mir- 
ror and optical centre of lens. 

d= Distance between the 
source of light and lens. 


Optics 71 


x= Shift of the image of the 
source, 


If @ is the angie through which the revolv- 
ing mirror turns and Is measured in 
radians then 
_ 4nnd 
8 
OPTICAL INSTRUMENTS 
Simple Microscope: A convex tens ot 
short focal length forms a simple micro- 
scope. 
Figure ittustrates the ray diagram. 
Its magnifying power is given by 


D 
a a 


where C is the least distance of distinct 
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vision and for norma: eye tt ts 25 cm and 
f, 1s the tocal length ot eve piece. 


Compound Microscope: 't is used to view 
Miny objevts:. i gives a magnified image 
orthe “etait: of tthe object can be studied 
easiv Here the eyepiece of a compara- 
tively longer focai length produces a ver- 
tical and magnified image of the image 
formad by the objective. 


Fig. tlustrates the ray diagrain for #. Ns 
magnitication is given by 


Optics 72 


V distance of the real image from the obiect, 
u distance of the object from the objective. 


Alsc ase 


= length of the tube 
: = focal length cf the objective. 

Telescope: !t is an instrument used to see 

Cleary distant objects. Astronomical tele- 

scopes afe used for seeing cleanly 

heavenly bodies such as stars, moon, 

planets etc. 

Fornormal adjustment, Let Fbe the foca! 

length of the objective and fbe the foca! 

length of the eyepiece. Its magni..cation 

is given by 


Magnifying Power = 


ia 


Mirage: While travelling on a concrete road 
on a hot summer day, the road at a 
distance appears to be covered with 
water. 

In deserts, travellers some times see the 
image of an object such as a tree as if in 


74 


Physics 


water. But as one approaches the region 
where the water appears to be, one 
realises that in tact there is no water at 
all anywhere and that tt was just an il- 
lusion. This phenomenon of optical i+ 
lusion ts Known as mirage. 


Prism: It is a portion of transparent material 


bounded by two plane surtaces which 
are inclined at angle called angle of 
prism. 


Factors on which the deviation 


produced depends are called (|) angle 
of prism (It) refractive index of the 
materia! of the prism and (ili) wavelength 
of light. 

ifthe angle of prismis more, the deviatic . 
produced is more. if refractiva index 
the matgnal is higher, the deviation 
produced is also greater. If the wave 
length of light is less the deviation 
produced is more. 


MEASUREMENTS 


Unit: A unit is a suitable standard quantity 
either fixed by a law or agreed upon 
mutually, in terms of which other quan 
tities of the same kind can be measured. 


Fundamental units: A set of independent 
units of basis physical quantitles, which 
can be easily obtained in terms of which 
units of all other mechanical quantities 
may be derived Is calied a fundamental 
unit. Units of mass, length and time are 
generally taken as fundamental units. 


Derived units: Physical quantities which 
can be expressed in terms of fundamen- 
tal quantities of mass, length and time 
are called derive quantities e.g., 
velocity, acceleration, force, energy, 
power, pressure etc. 
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Astronomica! unit (A.U): The mean dis- 
tance of the sun t-om the earth is called 
astronomicai unn (A.U.). It is equal io 
abou! 1496 = 1074 rn. 

Light year: It is a unit used to measure the 
distance b tween the earth and stars 


1 Light year: 365 x 86400 x 3 = 10° m 
2 446x10'°m 

Micron: \Vis eouai tc 19° ® mor10 “cm. 

Angstrom (A): 't 1s equal to 10° ** metre 
Thus the radius of hydrogen atom is 
O5A 

Nanometre ts preterred for writing of the 
wavelength light and other radiations 
in nanometre (nmi. 
Inm=10".-10A 

Fermit:\ is equal to 10° ** metre. 
The effective »adius of protonis 1.2 fermi. 


Parsec (Parallactic second): It is the dis- 
tant that corresponds to an annual paral- 
lax of one second arc due to rotation of 
the earth. 
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1 parsec = 3.26 light years 
=326x9.46x 10m 
- 3.08 x 10’ m. 


Coherent system of units: A coherent 
system of units is a system based ona 
certain set of basic (or fundamental) units 
from which all derved units may be ob- 
tained by simple multiplication or division 
without introducing any numerical fac- 
iors. S.1. system of units is a coherent 
system of units of ail the type of physical 
quantities. 

S.1. or international system of units: S.1. 
is the abbreviation of the French Sys- 
teme Intemational! D' Unite's introduced 
in 1960. This sytem, is of six fundamental 
quantities. 


Fundamental Units: 


Amere (A) is the fundamental unit of 
electric current. {tis defined as that constant 
current which, when flowing in two straight 
parallel conductors of infinite length and of 
negligible area of cross-section and placed 


78 Physics 


one metre apart in vaccum, would produce 
between these conductors a force eqiial to 


(2 >: 10°’) newton per meter of length. 


Metre (m) is the fundamental unit of 
fength and is equal to 1,650, 763.78 
wavelength in vaccum of the radiation 
emitted by the Krypton-86 atom in its transi- 
tion between the states 2p10 and 5ds. 


Kilogram (kg) is the fundamental unit of 
mass and is equal to the mass of a platinum- 
indium cylinder of diameter equa) to its height 
which is preserved in a vault at International 
Bureau of Weights and Measures at Severs 
near Paris. 


Second (s) is the fundamental unit of 
time and is the duration of 9, 192, 631, 770.0 
periods of the radiation corresponding to the 
transition between the two hyperfine levels 
of the ground state of cesium 133 atom. 


Kelvin (K) is a unit of themodynamic 
temperature. It is equal to the fraction 1/273 
16 of the thermodynamic temperature of 
triple point of water. 
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Candela (cd) is the unit of luminous tn- 
tensity. Itis defined as the luminous intensity, 
in a pemsndicular direction, ot a surface of 
1/600,000 square metre of a black boay ata 
temperature of freezing platinum under a pres- 
sure of 101,325 newton per square metre. 

The candela !s approximately 0.98 of the 
original international candle. 


S.t. Units of fundamental physical 
quantities 
| Name ofthe f ':- | Name of the S.1. 
| mentalphysical ) unit and its symbol 
quanti 


Length or Distance 


kilogram (kg 
Electric current ampere (A 
Temperature kelvin (k 
Luminous intensi condela (cd 


Amount of subs-}] mole (mo) 
tance 
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Supplementary Units 


(a) Radian (rad): is the plane angle be- 
tween the two radii of a circle which cuts off 
on the circumference an arc equal to the 
length of the radius. It should be noted that 


arc 
radius 


(b) Steradian (sr). \t is the solid angle, 
which, with the vertex at the centre of a 
sphere, cuts off an area of the surtace of the 
sphere, equal to that of a square having 
sides of length equal to the radius of the 
sphere. If S,is the area cut offon the surface 
of a sphere of radius r, the solid angle at the 
centre of the sphere is given by 


a (iN radian) = 


S 
Q (in steradian) = — 


fr 


Advantages of Si units 


They are more logical and coherent and 
are easily reproducibe 

They are invanant in time because they 
are based on some property of atom. 
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This system adopts joule as the unit of 
energy for all forms including heat and also 
adopts watt as the unit of power. Thus it 
Saves the trouble of expressing power in 
various other units in different branches. 

As it is a rationalised system, it has all 
those advantages which MKSA had in the 
field of magnetism and electricity. 


Important derived S.1. units are 


Joule (J) is the amount of work done 
when the point of application of a force of 1 
newton is displaced through a distance of 1 
metre in the direction of the force. 

Newton (N) is the force which produces 
ina mass of 1 kilogram as acceleration of 1 
metre per second. 

Watt (W) is the unit of power equal to 1 
joule per second. 

Coulomb (C) is the quantity of electric 
charge transported in 1 second by a current 
of 1 ampere. 

Voit ( V) is the difference of electric poten- 
tial between two points of a conducting wira 
Carrying a constant current of 1 ampere 
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when the power dissipated between these 
Points is equal to 1 waft. 

Ohm (h) is the resistance between twe 
points of a conductor when a constant poten- 
tial difference of 1 volt applied between tnese 
two points produces in this conductor a cur- 
rent of 1 ampere, the conductor itsel not 
being the source of any e.m.t. 

Farad (F) is the capacitance of a 
Capacitor between the niates of which there 
appears a diffe ance of potential of 1 volt 
when itis charged by 1 coulomb of electricity. 

Lumen (fm) is the luminous flux emitted 
within unit solid angle of 1 steradian by a 
point source having a uniform intensity of 1 
candela. 

Lux (id. it is the tlumination of 1 lumen 
per square metre. 

Intemational Symbois for Si Units 
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second | sf wa 
ampere | A _| 
kelvin | K | 


candela | cd _| on 
radian | rad _| 
steradian | st_| henry 
fretz | He lumen _| 
newton | ON |x | 
Set 


Pressure) 


Prefix and their Symbols for 
Expressing Power of 10 


Power of 10  Preflix Symbol 


=z 


10’? tera T 
10° giga G 
10° mega M 
10° Kilo K 
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Vr Hecto n 

10) decd ‘44 
or dec 

eo centi C 

Loe = nitti ry 
10” ICO il 

10°" nano n 
") ‘pico 5 
wo! temto { 

10 "7 atto a 


Dimension ofa physical quantity: are the 
powers to which the fundamental units of 
mass, length arid time be :aised to rep- 
resent it The units of mass, length and 
time are denoted by (M!, ji}. {T]. The unit 
of area whichis the product ot length and 
breadth will be represemed by {L}xiL} = 12. 

Dimensional formula: of a pnysical quan- 
tity is an expression showing how and 
which of the tundamental unit enter into 
't. For example dimensional formula fora 
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area is M°L?T°). 

Dimensiona! equationis an expression 
which indicate the relation between fun- 
damental and derived units. For ¢xample, 
unit of speed = Seidl - 

unitoltime 7 

(LT '}={M°LT> *]. From this equation it 
is clear that dimension of speed are zero in 
mass, 1 in Jength ana-- 1 in time. 

Principle of Homogeneity of dimen- 
sions: According to this principle ff an 
equation represents a correct physical 
phenomencr the dimensions of all the 
terms onth:.eft hand and right hand side 
of this eguation must be the same. 


Visi f dine asiona! equations 

To check the accuracy ot an equation 
and fo establish new physical relations. 
Limitations of the theory of dimensions 


{t gives no information about the dimen- 
sionless constants and the dimensionless 
variables. Method of dimensional analysis 
fails In case ot physical relations involving 
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trigonometric or exponential or fogarithmic 
functions. Method of dimensional analysis 
fails 10 establish the exact form of a physical 
relation lf, the physical quantity depends on 
more than three dimensional quantities. 


a DIMENSIONS 
Physical Relation 
Quantities | with other 
quantities 


Dimensions 
and 

Dimensional 
formula 


pate Ee if aera 
= 

Time - 

Area i Length x 
Length 


] 
Volume ( Length) 


Accelera- | Change In 
tion | 
| 'velocttyAime 
ee EE 
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Physical 
Quantities 


Relation 
with other 
quantities 


Mass x 
Acceleration 


Mass x 


Velocity 


&8 Physics 
Geer ee g ak 

| Physica! ft Ben 
ie ntities with other 


Dimensions 
and 


| quantities | Dimensional 
( cecaee ae — 
| ee 
[Pressure | Ee j_ LT 
{ | 4fea | " 2 
{ 2 
| : = [ML 'T 4 
| Stress |Force/Area MLT ’ 
| : ce 
: . (ML 'T *) 
|Co-eftident : Stress =(Mt T~*] 
lof Elasticity | Strain 
pMU>'T? 
Strain [Change in bk 
i dimenslor/ = L or 2 
Original ~ 


dimension 
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—_—_—_—-—— 
i Physical | Relatior: | Dimensions _| 


Quantities | with other and 
quantities  |Dimenrsiona! | 


— ——— 


Co-etliceirt | _Force/Area_ 1 agi 7% 


| 

| 

wmaneity | Change in Velod | 

ot viscasity range dared i | 
= - t 

{ 


Area 


. 
| i | i: 
| | - [MO IT} 
| Surlace Force MLT < 
| Tension Length i 
= [Mit *} | 
Numberof [1 1; 
vibration’ y z | 
Time = (MeL) 
Work mur 
! 
{ 
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Piysical Reiation Dimensions: 
| Quantities | with other and 


quantities Dimensional 


| -__| formula 
| iS 
| Angle - [ArcRadius Lo No 
| ! pee 
| | dimension 
| Angular anaen ime jt yp 
| Velocity =| TO | 
| | =(M%°T 'f | 
j | 
Moment of {Mass « ML? = [ML2T°] 
Inertia (distancey 
i Couple of |Forcev MLT “x1 
Torque distance 
| 
| ‘es (ML“T ‘] 
Impulse Force (MELT “] > (7) 
| Tite 


Measurements 91 


Dimensions 
jand 

Dimensional 
formula 


Relation 
with other 
guantities 


Physical 
Quantities 


Angular 7 te) . 2 
acceleration ; 
= (M°L°T 4} 

Kinetic (Mj x (LT 7 
Energy ML2T 2 
Potential [MALT °AL] 
Energy acceleration 

dice to 

gravity x 

Longitudinal | wi-'y 2 

stress/Linear|=" 7, 


strain 


= MU 'Te 
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Error: tts the uncertainty in (he measure- 
meant of the :nagnitude of a physical 
quantity 
Percentaye Error: 

aia) , 
a ASAE eM, say 
Mean vaire of measurement 
. Ny 
Ng eee = se POO 


se] 


a rt ia 
Abs oiiste Error. tis the difference in mag- 
nfiiae between the value of the quantity 
andthe !idivics al measurement value it 
IS Gene ed oy ve 
Significant Figures (digits) /n Numbers 
itis U8 Gisibers of digits that are used to 
express aily physicai quantity precisely. 
Radar. Relation jor calculating distarice of 


lone 


Wriere - 
d= distance of ine plane 


c= velocity vi radiowaves = 3 < 10° m/s 
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t= time delay 
Radar: can also be used to find velocity 
and direction of motion of the aeroplane. 
Sonar: Relation for calculating the dis- 
tance of the object 
rows | 
ane a 
where 
d = distance of the object 
Cc = velocity of radiowaves = 1493 m/s 
f= time delay 
Sonarcanalso provide information about 
shape of objects, their speed and direction 
of motion. 

Area: The area of an object is the amount 
of surface it occupies. Area is a derived 
physical quantity. The S.1. unit of area is 
square meter (written in short form as 
m*). A square meter is the area of a 
square whoSe each sides 1 metre. 

tom? = 10° 4m? 
4mm? = 10° °m? 
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t 
1 hectare :: 104m? 
2 sabe? | 
Tkm* . 10°m* t 
Area of regular figures: ' maar) 
Area of square 2 
s 2. 2 4g. 
= (ength)” = | 
Area of a rectangular Z_ FF 
= length « breadth b 
= +L 
1x b | : 
Area of a triangle 
Fig. 
1 
— base x height / 
1 —_—b—- 


Area ofaparallelogram mg 


| 
[ i; 
ee 


Fig. 
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= base x height 


=bxh 
Area of a cylinder 


= 2n x radius x height Fig. 
=2nxnxrxh 
Area of a circle 


= m x (radius)° 
=n 


Fig. 


22 
where pi, m= 7 


and r= radius of circle 
Area of a sphere 
= 4n x (fradius)* 


= 4Anr* 

[It each side of a 
regular figure is in- 
creased n times, the.1 its 
area increases by n 
times. ] 


a 


Fig. 
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Area of irregular figure: The irregular 
body whose area is to be determined is 
placed on the graph paper and its bound- 
ary !s traced on a graph paper with a 
pencil. 


id 
w 
a 
: 
a 
a’ 
8: 
iT | 


Fig. 

Body is then removed from the graph 
paper and the number of small squares fall- 
Ing inside the boundary are counted. While 
counting those squares which are greater 
than halt or equal to half are taken as full 
“quares whereas those Squares which are 
‘ess than halt are neglected. 


Volume: of an object is the amount of 
space it occupies. 
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The S.1l. unit of volume of cubic metre 
which is written as m*. A cubic metre is the 


volume of a cube whose each side is 1 
metre. 


tom? = 10° °m3 
1mm? = 10° 9m? 
1 km? = 109m? 
Volume of regular solids: 
Volume of a cube 


= (length)? 


Volume of a rectangular block 


= length x breadth x height 
=/~x b xh 
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22 
here n - <= 
where 7 


and r= radius of a sphere 
Volume of a cylinder 


Fig. 
Fig. 
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= Area of base x height 
=nfh 


22 
r =e 
where ug 7 


r= radius of cyliner 
h= height of cylinder 
If each side of a regular body is increased 
n times then volume of the body increases 
n’ times. 
Volume of Irregular Solids: The volume 
of a Solid body of irregular shape such as 
stone, metal key is found by expenments 


Graduated 
Cylinder A Solid 
whose volume 
is tobe 
Determined 
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by the displacement method by using the 
fact that “when a solid body is dipped in 
water. it displaces water to its own 
volume 


Mass: of a body is the quantity of matter 
“containe# in tt and is measured by com- 
paring its mass with standard masses or 
weight. This comparison is made by 
using a ohysical balance and a set of 
standard weights. 


Weight: of a body on the earth is the force 
with which the earth attracts the body 
towards i(s centre. 


The weight of a body is maximum of the 
equator and minimum on the poles 


Difference between mass and weight. 


Bp ae eat ae ee 
5 _ Mass” | Weight 

ee is a scalar i Weight iS a vector 
Iquantity havingiquantity having 
' magnitude only. | Magnitude 4s wellas | 
_ i direction. ae. 


- 
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Sarena Soha 
 Meewelanody is the | Weight of a body is! 
quantity of matter| the force with which 
| contained in it. : is pulled by the 

earth. 


ne 


Mass of a body is Weight of of a body is 
‘constant and doesjnot constant. It 
lnot change from|changeés from place 
piace tarplace: ‘to place due to 

ichange in gravita- 


_ ! tional force 4: 
ine of a body is;Weight of abcdy can 
| never zero. be zero (when 
| gravitational 
| attraction is zero). 


Mass of a body is|Weight of a body is 
ineasured by a|jmeasured by a| 
physical balance|spring balance. 
(beam balance) 


The S.l.unitof mass!|The S.!. unit of 
is kilograrn (kg) weightis newton(N). 
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Density: of a substance Is defined as its 
mass per unit volume. 


Mass of the substance 


D ty — —<&o@ 
ensily Volume of the substance 


Insymbol p = 4 where (rho) p = Density, 
M = mass, V = Volume. 


Density ts ascalar quantity. TheS.l.unt 


of density Is kilogram per cublic metre which 


is written as kg/m? orkgm a 


Relative density (Specific quantity): The 
relative density of a substance is the ratio 
of its density to the density of a reference 
substance taken as standard. Usually 
water Is taken as the reference sub- 
stance for solids and liquids and 
hydrogen for gases. 


Relatlve density of a substance 


Density of the substance 
~ Density of the water 


Anrelative density is a ratio ot two similar 
quantities (weights) it has no units. 
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Measurement of time: Any process which 
repeats itself at regular time intervals can 
be used for the measurement of time. For 
example, the oscillations (or swings) of a 
pendulum occur at regular intervals and 
this fact has beer, used in the construc- 
tion of pendulum clocks. 

The Simple Pendulum: The arrangement 
of small metal ball (called bob) swinging 
at the lower end at the long end of a 
thread is called a simple pendulum. 
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Time period ss the time fevccd iG Lom 
plete Che revolution. The tine required 
DY Ine DOUIO Move POM ore en eme (Ot 
to ancthsrextreme (By) ati adn to (C) is 
KNOW! 4s line DeTIOd. (S86 HG : 

The simple pendulum tne mo. siteat o° 
babi-um Alc B, froma ta © enc Dace. te 
% censttute one swing or ouclation, 
The time pertod fi a simple pendulure 
is given Gy the equation 
1 - en -= 
Q 
where . > length of ine penaduiur 
anG qG = acceleraticri due to gravity. 
From the avove formula @ is !ound that 


(i} times panod is directly proportional to 
fie Square rool of length. 

(W) tiene parod is inversely proportional 
Vathe square roctot accaleration due 
tO gravay (Y). 

(iil) titne penodis independent ormass of 
the bot 
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‘Ww: time penod is independent cf the 
material at bon, 

Effective iength of the pendulum: The 
aistance betvveen the point ct suspen 
sion ane centre of gravity of the bob '« 
known as effective length of the pen: 
uuu. 

Frequency: 's defines as the number or 
viorations made by a vibrating particie ir 
ore Secona. 

J 

T 
Where n= frequency of vioration 

T= time penod 

Secund's pendulum: A simple penculun: 
w?Se lime period is 2 secarids fs known: 
asa second’s pendulum. 

Restoring force: When abody is displace: 
froin ts mean (equilinum) position, a 
force comes into action that tries to bring 
it Dack to its original position. it is known 
as restonng force. 


or n= 
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Graph between L and T: The time period 
T of a simple pendulum is given by 
T=2n ML 
9g 
or ia 
The graph between T and L? is shown in 
Fig. 
The graph between L and T° is a straight 
line. 
Maximum and minimum speeds of the 
bob: is maximum at the mean position 
and minimum at the extreme positions. 


WAVES 


Wave: The different shaped vehicle which 
Is responsble for transmission of energy 
from one place to another through a 
medium without any translation of 
medium is called a wave. 

When waves |s dropped Into the pond of 
water, circular concentric water waves 
are produced on the surface of water. 
These waves cary energy In all direc- 
tions. 
Waves in a rope is another example of 
wave motion. 
These can be ciassitied into transverse 
waves and longitudinal waves. 
Physical quantity transferred by wave 
motion. Energy 
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Mechanricai waves. The wavas are 
Ytiated iy ar chaste: matenal (air, stcel and 
water are cailéu tiechanical waves 

“royeries which are responsibie ter 
‘ransmissio- «-t mecharical waves ina 
medium Elasitety and densty oF the 
Mecur 

Transmissiar “f mechaisical waves 
through vacuum, The mechanical waves 
can not be transmitted in the vacuum itis 
necessary (« have a matemal medium. to 
Iransmit inechanucal waves. 

Characteristics of wave motion. The 
wave ination ts tenn ot disturbance which 
travels Inamedium, :4&., motion of particles 
of the medium 

It ts only tne energy of the disturbance 
that travels formato the particles of the 
medium sinpl, viorate about their mean 
POSHIONS. 

The veiocit, of ihe wave motion is dif- 
ferent from tne vetocity with which particles 
of the medium vitrate about their mean posi- 
tion 
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The motion of each particle begins a little 
latter than that of its predecessor, i.e. there 
iS always a constant phase difference be. 
tween two neighbounng particles. 


At the mean position, the energy of the 
Particles is wholly kinetic. At the extreme 
positions the energy is wholly potential. 


The waves can undergo reflection, 
refraction diffraction dispersion and inter- 
ference. 


The velocity of particles of the medium is 
different at different position of its vibration 
whereas the velocity of the wave Is constant 
throughout a given medium. 


Pulse: \t is a wave of short duration. It can 
also be said aS a wave of single distur- 
bance. 


Longitudinal waves: The panicles of 
medium vibrate to and fro in longitudinal 
waves (Sound waves are longitudinal 
waves). 


Transverse waves: Tne particles of 
medium vibrate at mght angles in 
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transverse waves. Propagation of waves 
through a rope ts an example of 
transverse wave. 


Characteristics of wave motion: |\n a 
wave motion, 


(1) each particle takes energy from the 
preceding particles and transmits it to 
the next. 


(li) only energy is transferred 


(tii) all the waves travel with the same 
speed in the same medium. 


‘Mechanical Waves: The waves that re- 
Quire mechanical medium tor their 
Propagation are called mechanical 
waves. Propagation of sound is an ex- 
ample of mechanical and longitudinal 
wave. Mechanical waves cannot travel is 
vacuum. 


Amplitude: |n a wave motion, amplitude is 
the maximum displacement of the par: 
ticles of the medium from their mean 
position. In Fig. AM is the amplitude of 
the wave. It is alSo equal to CN to EG. 
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Wavelength: is the distance between two 
nearest particles which are in the same 
State of vibration. OD shows the 
wavelength of a wave in Fig. 


length e| 


Fig. 
Time period (T}. |t is defined as the time 
taken by any particle of the medium to 


complete one oscillation. (It is always 
measured in Seconds.) 


Frequency (f): Number of vibrations per 
second is called frequency. Mathemati- 


1 
lly f= 
cally f= + 


where T is in seconds. 
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Wave velocity: Also known as velocity of 
wave (c). It is the distance travelled by 
the wave is one second. Mathematically. 


C=AXt 
where Cc = velocity of wave 
A = wavelength of the wave 
ft = frequency of the wave 


Explanation of Pulse: |In a pulse the 
medium oscillates for a short while, and 
then retums to its onginal position of 
equilibrium. 

In a single wave pulse, oscillation takes 
place only once. Wave pulse is only of short 
duration and not repetitive. 


(1) Fig. Ashows a stretched string. 
(2) Fig. B shows origination of puise 
(3) Fig. C shows propagation of pulse 
(4, Fig. D shows completion of oulse. 


Periodic waves: Continuous waves or 
repetitive waves. Fig. E shows continuous 
wave disturbance. Such waves in stnng 
are produced by continuous disturban- 


Waves 


Fig. 
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ces. Vibration of a tuning fork produces 
continuous wave train in a medium. 


Conditions of transverse waves: |n addi- 
tion to various condition transverse 
waves require the following conditions for 
propagation. 


(1) The medium should posses inertia 
property. 
(2) The medium should be elastic. 


(3) The frictional resistance between the 
particles of the medium should be 
negiligibly small. 


Examples of transverse wave: Water 
waves on the surtace of water are 
transverse in nature. 


Transverse waves are produced in a 


string by continuous vibrations of the 
hand. 


Motion from one bob to the adjoining bob 
is transmitted by transverse propagation. 
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Difference between the transverse and 
longitudinal waves. 


aoe Re gee Oe oe sa sees 
| Tak Sterse waves | Sage 


| 1 Here the particles! 1. Here the particles 
| of the medium vibrate - the medium vibrate 
up and down at naght| to and fro about its 
angles to the] mean position along 
direction of propa-|the direction of 
gation of wave __ | propagation of wave. 


2 The crests and 
| trough are for-med. 


2. Compression and 
raretractions are 
formed_ 


eee = 
3. Transverse waves | 3 Longitudinal! = 


(can be polanzed __ 


_| cannotbe polarized 


I 4. Ripples in water, | 4. Sound wave inatr, 
waves in string of| wave produced, in 
sitar _.. peomMpressed spring. 
°>S These waves can | 5. These waves can} 
propagate through) travel through all the 
solids and hquids.  aescliutins re. solids, 
—— _tligurds end gases. _| 
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Elastic waves: The waves that require a 
material medium for propagation are 
called elastic waves Sound waves are 
elastic waves as they cannot travel in 
vacuum. 

Wave motion: is delined as the form of 
disturbance which travels through a 
medium due to repeated periodic motion 
of particles of the medium about their 
mean position, the energy being handed 
over from onw panicle to another. 

Progressive Wave Motion. 

(1) It can only travel througt: an elastic 
medium. 

(2) The particles o! the medium co nct 
travel forward but simply vibrate 
about thew mean position. 

(3) Aparticle vibrates 4 little laterthanthe 
preceedingparticie. 

(4) The velocity of wave and velocity of 
panicle are not the same. 


Waves carry Energy: Waves cary ener- 
gy. It can be verified by the following 
experiments. 
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(i) 


(il) 
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Drop a stone in a pond of water. It is 
seen that ripples are produced on 
the water surface. If a leaf lies over 
the surface of water, it also moves up 
and down. it shows waves CalTy ener- 
gy. 

Fig. Below (a) shows a String AB. End 
A ts held in the hand and end B Is 
thxed. When jerk fs given to the hand, 
vibrations as shown In Fig. (6) are 
produced in the string. 


oe 


Fig. (a) 


INI 


Fig. (b) 
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The kinetic energy of the hand goes 
to the string, as a result, ripples are 
produced in tt. The propagation of 
energy takes place from A to C, C to 
D, D to E, E to F, F to G and finally 
from G to B. 


Difference between transverse waves 
and longitudinal waves: 


1. The particles of|1. The particles ot 


rarefraction are 
formed. 


3. Ata crest, particles |3. At compression, 
are at rest, having | the particles move in 
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Lae lc extremely |tne dimction of the 
uppermost posttions,Jwave while at 
iwhile at a through, raretraction, 
|partides are at rest|particles move in a 
Having moved toldirection upposte to 
extreme downward! the direction ot the 
positions. L wave. 


4. Trarevere waves | 4. Longkudinal waves | 
are formed in atare formed in " 


|Mecium possessing |medium which 
| Agility and co: esion.|possesses volume 


feeds Behe Sd 
(©, The wave formis |5. The wavetorm re- 
|a sine curve. presents 2 medium 


of varying densities 
and pressures; Dit 
can be converted 
into a sine sufve, 
with the usual 
convention. 


gate a es 
Other types of waves: |r additionto above 
discussed waves there is another very 
important class of waves. These waves 


(ores woo we ween 


(WAVER 12) 


are known as electromagnetic waves 
ard car travel trough vacuum. A few 
examples of such waves are radio waves 
and light waves. 


Comparison beiween progressive and 
stationary waves. 


{ 

4 

\ 

Sis ree ea al 

‘ | 
11. Proaressive waves |7%. Stationary waves | 
ianpear to be | 


lappeac to = be | 
iraveling fom pre tending: 
poe te another. 


. ey eet Beet SOEs 


\2. It consists of only; 2. A stationary = 


jone type of waves. {is a combination of 
'wo progressive 
waves travelling in 

he opposite direc- 
tions, tnat is itis a 
rombination of an 
‘| onginal wave and its 


| reflected wave 


ee 
SS a 
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3. It consists of]3. It consists of 
Crests and troughs or| nodes and antinodes. 
compression and 
raretactions. 


4. A progressive]4. It is a distance 
wave is a distur-|between two fixed 
bance which moves|points and cannot 
from one place to|move beyond these 
another. points. 


5. The amplitude of 
vibration of each 
particle in a 
progressive wave is 
the same. 


5. In a stationary 
wave, different 
particles vibrate wrth 
different amp!fudes. 
At anode the ampli- 
tude of vibration is 
zero but at antinodes 
It is the maximum. 


[tS 3 Set tts 
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6. In a progressive | 6. In statlonary wave, 
wave, there is a{all the particles within 
continuous changes any loop are in the 
of phase fromi(same phase. They 


particle 


to particle. are 180° out of phase 
with particles in the 
neighbouring loops. 
Phase difference between two points in 
a wave motion: This term indicate how 
much the two particles (at the two points) 


Wave Front. =a Wave front 
ek) | 


Fig. 
are out of step with each other, J.e., by 


how much angle or by how much time 
one is ahead of the other. 
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Wave front os Mee Oous of ab comnts ofthe 
medium ie the: same pirase, fe | ty the 
same slate of vioration 

Ray. A straight! toss pemetaucula: ie ave 
Ont at any mianl represents ars. 

Water waves ‘> Waves Gavelling or, the 
suface of . cit are nether ourely ices 
jhudinal rev porok: transverse sd are 
called water asves 

Coherent waves Weves traveding wi ve 
Same direckor aya medium with sane 
verocay and the sans oarcd, Naving no 
phase diiferen.a or a constant onase 
atference in tulween them ae calied 
COME Mt way -- 

Reflection ana refraction of sound 
waves, Sound waves aney the crdinary 
laves of reflection and cefraction 

“eé. wis rand 


sien vw fi 
SSE Cee ee 
Srige re Ae 


Intensity: Tiwe utenstty of a piane progres: 
Sive wave {ts directly propeuional ta 
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square of the amplitude of the wave. 
|= Spc (2nvay? = 2pcn°v2a 


i.e., Intensity o (Amplitude)’. 


Velocity amplitude: A plane wave is rep- 
resented by 


Particle velocity 


onva 
& te cos 5 (wt- x) 


onva 


The term is called velocity 


amplitude and represents the maximum 
velocity of the particle. 


Acceleration amplitude: Particle ac- 
celeration is given by 


art ‘ Onv Y 
=2=-| = |! asin=-(v-»x 
dP r J ‘ 
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tion of amplitude and represents the maxi- 
mum acceleration of the particle. 

Velocity of sound in gases: The velocity 
of a longitudinal wave in a gaseous 
medium depends upon its volume elas- 
ticity and its density 


VE 


Pp 
where E is the coefficient of volume elas- 
ticity of the gas and p its density. 
Newtons's formula for the velocity of 
sound in a gas: Newton assumed that 
the compressions and rarefractions in a 
gas takes place under isothermal condi- 
tions (i.e, temperature of the gas remains 
constant) so that the coefficient of 
volume elasticity of a gas is equal to the 
normal pressure P of the gas. According 
to him the velocity of the sound ‘v' ina 
gas is given by, 


V= 


Sg 
p 
For air the vaiue of p = 0 001293 gm/cm? 
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at 273K and the normal pressure 
P = 76 x 13-6’x- 981 dynes so that 
7 {76 x 13-6 x 981 e 
v= 9.001293 280 m/s. 
By the actual value is v = 332 m/s at 273 
K. This discrepancy in velocity was corrected 
by Laplace. 

Laplace's correction: Laplace Stated that 
the change in volume and pressure of the 
layers of the medium due to sound waves 
are addiabatic (i.e. total quantity of heat 
in the system remains constant) and not 
isothermal. 


He gave the formula as 
v= Vyp/p 
where y is the ratio of specific heat at 


constant pressure to the specific heat at 
constant volume. 


For air y= 1-41, substituting this value in 
(i) we get, v= 331-6 M/s. 

Factors which defect the velocity of 
sound in air (or a.‘y other gas). 


Effect of pressure. The change of pres- 
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sure have 10 affect on the velocity of sound 
in arr (Of any other gas). 

Effect of density. lf the density of a gas 
iS (ncreased the velocity sound in it 
decreases 


Effect of temperature. The velocity of 
sound in air increases on raising the 
temperature. 


Effect of humidity. Sound travels faster 
in humid air and slower in dry air. 


/ 
UK 


|] 
NX 
[ 


Fig. Vanous Stages of reflection 
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Reflection. Sound waves are also 
reflected from wall, a water surface inside a 
wall, roof of a room, etc. In daily life we come 
across many important phenomena of this 


Fig. (a) The incident wave making an 
angie with normal. 


reflection like echoes, reverberation in build- 
ing etc. Reflection of plane wave is shown 


Fa 


SX 


Fig. (b) The reflection ray making some 
angle with the normal. 
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below in figure. 

Sound waves Created in water, tight etc. 
all fallow laws of reflection. This figure Shows 
that the angle of incidence is same as angle 
of reflection 


Fig. (a) The incident an angie with nor- 
mal, Fig (b) The reflection ray making some 
angle with the normal 


Stationary waves: Stationary wave is 
formed when two waves of same fre- 
quency travelling in opposite directions 
are Supenmposed on each other. This is 
a particular phenomenon of interference 
of waves. In stationary waves there is no 
flow of energy in either direction The 
medium gets split up into Segment, each 
segment vibrating up and down a whole. 
There are some particies which are per- 
manently at rest, called nodes, ‘N’ while 
others which suffer maximum displace- 
ment from the mean position are called 
antinodes. 


Longitudinal stationary waves: These 
can be produced in a long flexible spring 
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or in air column inside a closed end on 
open end pipe. 


Electro Magnetic Waves: These can be 
produced by rapid vibration of current in 
a conductor. If the resistance of conduc- 
tor is very small, then the frequency of 
oscillation is given by. 


; 
{ = 
DOF = on VEG 


The change in the magnetic intensity 
at any point at a distance x in the field, lags 
behind the change in current by a time a 


where C = velocity of propagation of 
electromagnetic wave. 


If variation in current is given by 
[= lo SiN we 


Then the magnetic intensity (H) at any 
point at distance x from conductor is given 


by 
H =H, sino 1-4) 
C 
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where 
H, = the intensity of magnetic field in the 
direction x corresponding to steady 
current lo. 
The A.C. in the conductor is tnus as- 
sociated with an electric field given by 


dH 
e rae 
at 
x 
or E=E, Cosw ieee 


An electron oscillating with a frequency 
10° cycles/sec produces electromagnetic 
wave of wave length. 

,- £3410 
Re” iG? 
It shows that the charge should oscillate 


over a distance of 300 km so as to radiate 
sufficient amount of energy. 


Spectrum of electromagnetic waves: 
Frequency (Hz) > 
10° 10° 16" 10"" 101° 10'* 101" 10°"10%7 


m= 300 km. 
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Wavelength (m) 
10°10° 10° 10° 10° 10° 10° 10°" 10°? 10" 
Radio Micro T X-rays y-rays 
waves waves U.V. 
Visible light 

Visible range is comprised of radiations 
With frequency/wave length range as under 
Frequency 


3.84 x 10'4 HZ < f< 7.69 x 10'4 HZ 


Wave length 
7.80 x 10°’ m>2>3-90 x 10°” 
(Red) (violet) 


Polarization: |ncase of transverse waves, 
the displacement of the particles of the 
medium is perpendicular to the direction 
of propagation. If displacement of the 
particles is in many directions, the wave 
is Known as unpolarized. 


When the displacement pattern of a 
transverse wave lie in a single plane, the 
wave ts Called plane polarized. 


Diffraction: The bending of wave round the 
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corners ot an obstacle is called diffraction 
of waves. When plane wave come 
across an obstacle or surtace having a 
small opening init the wave continue to 
propagate around the obstacle or 
through the opening after bending. The 
wave spre3d out around the obstacle or 
the operuna or. the other side and the 
wave patter7: gets modiied (it become 
semi-circular). Dittraction depends on 
the relation be! weenthe wave lenath and 
the width or diamete; dof the obstacie or 
the opening 


MOTION 


Motion: A body if changes fts position with 
respect to another. Then it is called Mo- 
tion. Every body know that even earth is 
not stationary. However, for all practical 
application earth is assumed as station- 
ary. Thus a body can be said in motior. tt 
it changes its position with respect to 
earth. 


Motion can be further classified into (a) 
uniform motion and (b) non-uniform or vari- 
able motion. . 

Uniform motion: \f a body covers equa! 
distances in equal intervals of time, it is 
said to be moving with uniform motion or 
the motion of the body is uniform. 

Non uniform motion: it a body covers 
unequal distances in equal intervals of 
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time, ft is said to be moving with non 
unitonn or variable motion. 


Origin: Any arbitrarily selected fixed point, 
with respect to which the position chan- 
ges. 


Distance: The actual length covered by a 
body during the whole journey. It is a 
scalar quantity. In Sl] units it is measured 
in metres (m). 


Displacement: \t can be delined as the 
distance travelled by a body in a par- 
ticular direction. It is a vector quantity. In 
Slunits, it is measured in metres (m). 

Speed: The rate of change of movement 
(distance) ts called speed. It is a scalar 
quantity. In SI units it Is measured in 
metres per second (m/s). MathematicaF 
ly. 

Speed = dslalice (s) 
time (t) 

Average Speed: It is the distance travelled 

by body perx unit time. Mathematically. 


Average Speed = 
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Total distance travelled by the body 
Time taken by the body to cover the 


total distance 


Uniform Speed: it a body covers equal 
distances in equal intervals of time i is 
said to be moving with uniform speed. 


Scalar Quantity: Physical quantities pos- 
sessing magnitude only are known as 
scalar quantities. Area length, volume, 
mass and speed are scalar quantities. 


Vector Quantities: Physical quantities that 
can be represented completely by mag- 
‘nitude and direction are known as vector 
quantities. Velocity, acceleration, weight 
and force are vector quantities. 


Velocity: The rate of change of distance in 
a particular direction is called velocity. it 
is a vector quantity. Its unit is m/s Math- 
ematically 


: Displacement (S} 
Velocity(v} = ear; m/s 

Variable Velocity: \f a body, moving in a 
particular direction, covers equal distan- 
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ces in equal intervals of time, it is said to 
be rnoving with unttorm velocity. Atlerna- 
‘ively a body is said to be moving wth 
uniorm speed tf ils speed and direction 
does not change with time. 

Variable Velocity: A body is said to be 
moving wkh vanable velocity fi ft covers 
“unequal distances in equal intervals of 
time. A body ts said to be moving with 
variable velocity 1, (a) the direction of 
motion changes, or (b) speed changes or 
(c) both direction and speed changes. 


SI Units 
| Physicai 
: Quantity 
| Distance 'Metre 


Displacement ! metre 


al aati 


—— = a 
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Velocity metres per secona 


Acceleration {metres per seco- 
nd per second or; 
metre per second 


_ | squared 


radians per| rads" 
second 


Acceleration: The rate of change of 
velocity is known as acceleration. 


Acceleration (33 = 
Change in velocity v-a 
time (t) 

_Uniform Acceleration: \t the velocity of a 
moving body increase by equal amount 
in equal intervals of time, it is said to be 
moving with uniform acceleration. For 
example a stone falling from the top of a 
tower comes down with uniform ac- 
celeration of 9-81m/'s*. Fig. shows 


140 Physics 


Unitarm acceleration 


__» Velocity m/s 


ner Time 


Fig. 
uniform acceleration of a body on 
velocity-time graph. 

Variable Acceleration: if the velocity of a 
moving body changes by unequal 
amounfs in equ: intervals of time. 

Then it is said !o be moving with variable 
acceleration. 

Retardation: |i the tinal velocity of a body 
is less than the initial speed, then it is 
known as declaration and the body is 
said to be undergoing retardation. For all 
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< 
= 42 
=10 
o8 
= 
[ 2 
123456 
Time 
Fig. 


mathematical calculations, it is taken as 
acceleration with minus Sign. 

Graphs: Graphs are used for conveniently 
representing the given data gn two 
mutually perpendicular axis. For the 
properly plotted graphs, we can fifd out 
those values which are not given on the 
data. 

Thus graphs are more informative. 
Selection of proper axis plays a vital role 
for plotting the graph. Commonly used 
practice is to use x-axis for independent 
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quantity and y-axis tor dependent quan- 
tity. 

Average Velocity: \s defined as the 
velocity of a moving body per unit time. 
Mathematically 
Average Velocity = 

Total distance travelled 
Total time taken 


or Vave = 2 

In the case of a uniformly accelerated 
motion 
U+V 

2 

where u = initial velocity, 

and v = final velocity. 

Suppose a train travels 6000 m in 300 
seconds. Then the average velocity of the 
train. 


Vave = 


6000 
=~ = 20 m/s 
300 


Angular Velocity: Tne rate of change of 
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angular displacement as known as an- 
gular velocity. The velocity of a body 
moving in a circle is measured in 
tadians/seconds (rad s''). 
It is denoted by Greek letter omega (w) 
or Angular velocity = 
angular displacement in radians 
time taken 
or w=" = 
where 6 = angular displacement 
Derivation of the equations of motion: 
Consider the motion of a body, moving 
with uniform acceleration. 
Let x = initial velocity of the body 
y = acceleration of the body 
then 
velocity of the body at the end of one 
second=x+y 


velocity of the body at the end of two 
seconds = x + 2y 


144 Physics 


velocity of the body at the end of three 
seconds = x + 3y 


velocity of the body at the end of t 
seconds = x + yf 


(i) thus v=x+yt 
where v = fina) velocity of the body. 


Since the body is moving with uniform 
acceleration, 


thus average velocity of the body. 
X+V 
2 


(it) Vave = 
From equation (/), we get f= “a 


But distance (S) covered by the body. 
S = average velocity x time 


V+X V-xX ¥-x 
or 2p ye egy 
(ii) orv -x¥=2¥ 


From equation (/), we get v= x+ yt 


V+x _ X+V 
Also $=| 5 }time = [ > }e 


Motion 145 


Substituting the value of v in the above 
equation, we get 


liv) or =X XEN rete yt 


Motion under Gravity : When a body falls 
towards the earth, its velocity goes in 
increasing continuously. The body is said 
to be falling under gravity. 

When a body falls under gravity, it con- 
tinuously gains acceleration = g. 
Thus the equations of motion of a body 
falling under gravity are written as 
v=x+gt 


1 
S=x+59¢ 


and V— x = 29s 
In these equations, y is replaced by g. 
When body goes away from the earth, 
then its velocity goes on decreasing con- 
tinuously. The value of gis taken as negative 
for such cases for solving the problems of 


physics. 
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Thus v=x- gt 
1 

S=ut--of 

ul- 59 


and Vv - x= -2g9s 
LAWS OF MOTION 


First law : A body continues to remain in 
State of rest or uniform motion in the 
same direction in a straight line unless 
acted upon by some extemal! force. 

Second Law : The rate of change of 
momentum of a body is directly propor- 
tional to the implied force and takes place 
in the direction of the force. 

F-mxa 

Third Law : To every action there is equal 

and opposite reaction. 


Fr - Fe 


FORCE AND 
ACCELERATION 


Force: Force is agency which produces or 
tends to produce, destroys or tends to 
destroy, the state of rest or uniform mo- 
tion of a body. 
it also changes the shape and direction 
of a body. It SI system it is measured in 
Newtons (N). 

For example a ball on a table moves 
when it is pushed. It shows that the ball 
needs a force to change its state of rest. 


Types of Forces: 
Ir -.ature we observe a number of forces. 


1. Muscular force is exerted in lifting 
heavy bodies. 
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. Force of friction helps us to move on 


smooth roads. 


_ The magnetic force of attraction is 


responsible for an iron cod attracted 
by a magnet. 


. The gravitational force pulls all bodies 


towards the centre of the earth. 


_ There are forces of attraction like 


conesion and adhesion between 
molecules. 


_ There are very short range forces like 


nuclear forces that keep the nuclear 
particles together. 


The ability of a body to communicate 


motion to another “ody by impact depends 
on both its mass and velocity and this ability 
cf the body is called its momentum. The 
momentum ot a body is measured by the 
Product of its mass and velocity. 
Momentum: \i can be defined as the quan- 


tity of motion possessed by a body It is 
a vector quantity. 


Mathematically, momentum = mass x 


velocity 
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M=mxu 


The units of momentum is kg m/s. (tis a 
vector quantity. 


Balanced Force: \t a number of torces 
acting on a body do not producs any 
change in speed or shape, then these 
forces are known as balanced forces. 
Balanced forces do not change the 
speed of a body. 


Unbalanced Forces: Unbalanced forces 
produce change in speed or shape of a 
body. if the resultant of forces acting on 
a body is not Zero, it is said !o be under 
the action of unbalanced forces. 


Inertia: \nertia ts a measure of mass of a 
body. Greater the mass of a body, 
greater will be its inertia or vice versa. 
When any vehicle starts suddenly, the 
passenger falls backward. It Is due to 
inertia property of the body. 

Impulse: The product of force and time for 
which ft acts is known as impulse. It is a 
vector quantity. 
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Impulse = Force x time. 
The units of impulse Is Ns. 
Newton's laws of :notion. 


(l) Newton's first law motion. A body at 
rest will remain at rest and a body in motion 
wil continue in motion in a straight line with 
a uniform speed, unless It is compelled by an 
extemal force to change Its state of rest or of 
unitorm motion 


(it) Newton's second law of motion. The 
force acting on a body is directly proportional 
to the product ol the mass of the body and 
the acceleration produced Inthe body by the 
action of the force, and it acts in the direction 
of motion. Suppose a force 'F’ acts on a body 
of mass ‘m’ and produces an acceleration ‘a’ 
In the body According to second law of 
motion. 


Force a mass x acceleration 
or Famxa 
F=okx«mxa 


Where k is a constant. The value of k in 
S.I. units is 1, so that the above equation 
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becomes 
F= mxa 


Unit of force. The S.}. unit of force is new- 
ton which is denoted by N. A newton is 
that force which when, acting on a body 
of mass 1 kg produces anacceleration o! 
1 m/s init. 

(ui) Third law of motion. Whenever one 
body exers a force on another body, the 
second body exerts an equal and opposite 
torce on the first body. The force exerted by 
first body on the second pody is known as 
‘action’ and the force exefted by the second 
body on the first body is known as reaction. 
It should be noted that action and reaction 
are just forces. According to Newton's third 
taw of motion: 7o every action there is an 
equal and opposite reaction. 


Momentum. The momentum of a body 
is defined as the product of its mass and 
velocity 


Momentum = mass x velocity 
M=mxv 
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Momentum is a Vector quantity. The 
S.|. unit of momentum fs Klogram-meter per 
second which §& written as kg-m/s or kg 
ms ~~“ 


Another definition of Newton's second 
law of motion: The force applied to a body Is 
directly proportional to the rate of change of 
momentum which it produces in the body. 


Impulse of a force. An impulsive force 
is that force which acts on a body for a very 
short time. The impulse acting on a body ts 
equal to the product of force acting on the 
body and the time for which ft acts. 


impulse = force x time 
Impulse = F x ¢ 
The S.I. unit of impulse is newton- 
second which is written as Ns. | 
Impulse is also equal to mass x change 
in velocity. 

Law of Conservation of momentuta: tt 
Stat-s  “mamentum can neither be 
created nor destroyed but can be 
changed from one form to another.” AF 
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ternatively, It states, ‘the total momen- 

tum of any group of objects remains the 

same unless they are acted upon by’ 
some external unbalanced force”. 

Total momentum before collision = total 
momentum after collision. Recoil of a gun : 
When a gun fires, the bullet moves torward 
and the gun is kicked back. This backward 
motion of the gun is called the ‘recoil of a 
gun’. 

Recoil velocity. The recoil velocity of the 
gun is given by the expression 


where 

m= mass of the bultet 

M = mass of the gun 

V = Velocity of the bullet 

v = velocity with which the gun recoils. 

Moment arm. The moment arm of a 
force F about pivot point 4 is the perpen- 
dicular distance L between the line of action 
of the force and the pivot point A. 
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Fig. 

Moment of a force (Torque). this is 
defined as the product of the force and mo- 
ment arm (or force arm) 

Torque = force x moment arm 

The moment of torque is a vector quan- 
tity. The S41. unt of moment or torque is 
newton-meter which is written in short as 
Nerv. 

Difference between momentum: Mo- 
ment is the turning effect produced in the 
body. 

Moment = force x distance (NM) 

Momentumis the total motion possessed 
by the body. 

Momentum = mass x velocity (kg m/s) 


Principle of moments. The conditiontor 
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rotational equilibrium of a body is known as 
the principle of moments which can be 
defined as. When a body is in rotational 
equilibnum, that is when a body does not 
rotate under the action of a number of exter- 
nal forces, the sum of the anticlock-wise 
moments of al) forces about any point is 
equal to the sum of the clockwise moments 
cf the forces about the same point. 


Anticlockwise moment = force x force arm 
= Fy x OA 
Clockwise moment= F2 x OB 


Sum of anticlockwise moments = sum of 
anticlock:vise moments. 


F, x OA= F2 x OB 


eee aaa 
jeri evoke _ Gee Rotation AdcuY < 
Rotation Adout 0 ‘a 
Fig. 
Couple: A pair of equal and opposite 
parallel forces acting on a body, which 
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produces rotation in ihe body is Known 
as a couple 


i 


t = gs ve” 


Fig. A Couple 


(a) Moment of force F (acting at A) about 
point O 


= force x force arm 
=F xOASF xo 


(b) Moment ct force F (acting at 8) about 
point O 
= force x force arm 
/ 
=F «x OB =Fx— 
x x 2 


For getting (he moment of the couple as 
a whole, we should add the above two 
couples. 
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Moment of a couple 


| 
= Fxo4+Fxo 
a5 *5 


= Fx / newton-meter 


Moment of a couple = one of the forces 
x couple arm. Couple cannot be balanced by 
a single force. When the second player kicks 
it, the ball moves towards the first player. It 
means the force can change direction of 
motion of the body. 


It can change the shape of an object. 
Press the tyre of your cycle with your thumb. 
It is seen that the tyre is pressed a little and 
its shape changes. It means, the force can 
change the shape of an object. 


Formulae of Motion 
(i) Force = mass = acceleration 
(ii) Momentum = mass x velocity 


(iii) Newton is a unit of force. One newtca 
is that much force which produces in 
a mass of 1 kg an acceleration of 1 
m/s°. . 
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(iv) The Sl unit of momentum is kgnVs. 
(v) The SI unit of velocity of mvs. 
(vi) The SI unit of acceleration is m/s”. 


(vil) When two forces acting on two 
bodies in contact are equal and op- 
posite. then one of the forces is 
known a§ action, and the other force 
iS KNOWN as reaction. 


Friction: Keep a book ona table as shown 
in fig. Apply a very small force in the 
direction of the book remains stationary. 


Ww Book 
Table 


Fig. 
It means some opposing force has come 
iN action at the surtaces of contact. 


This force is known as force of friction. 
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Friction alwayS opposes motion of one 
body over the surface of another body. 


Laws of Friction: 


1. Friction opposes relative motion be- 
tween two Surface in contact and is 
always parallel to the surface of con- 
tact. 

2. Friction depends on the nature of the 
two surface in contact i.e. nature of 
materials, surface finish, surface 
films, lubrication of surface, tempera- 
ture and the impurities between the 
two surfaces. 

3. Friction is independ of the area of 
contact between the two surfaces. 

4. Friction is directly proportional to the 
normal reaction acting on the body. 


Types of Friction: There are two types 
of friction. 


(i) Friction in unlubnicated surfaces. 
(li) Friction in lubricated surfaces. 
Friction can also be Classified in the fol- 
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lowing Manner 
(i) Sliding friction. 
(it) Rolling friction, 

Sliding Friction: When one surface slides 
across another, the friction between 
them is described as sliding friction. 

Rolling friction: When one surtace rolls 
along another, the friction between them 
is described as rolling friction. On the 
basis of stages of motion, friction can be 
classified as static friction and dynamic 
or kinetic friction. 

Static Friction: \t is the force of friction that 
acts on a static body when it ts in rest 
position inspite of the fact that some force 
is being applied on it. 

Dynamic or Kinetic Friction: \t is the force 
of friction that comes into play when a 
body is ina State of steady motion on the 
surface of another body. 

Limiting Friction: \t is the torce of friction 
that comes into play when a body just 
slides over another body. It is equal to the 
maximum value of static friction. 
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Friction a Necessity: Friction plays an 

important role in our daily life. In many 
cases friction is useful and we wish to 
retain, whereas in other cases friction is 
harmful and we want to reduce it. 
While walking friction between the 
ground and the shoes prevents us from 
slipping. It is difficu'. to walk on ice, be- 
cause friction is small. Without friction 
motion cannot be conveyed by belts from 
the motor to the machine, brakes cannot 
be applied to cars, the knots could not be 
tied, a match is lighted by friction. 

On the other hand friction increases the 

work necessary to operate machinery. It 

Causes wear and tear and it generates 

heat which damages machines. 

Means of Reducing Friction: 

1. Polishing: Friction between two sur- 
faces can be reduced to polishing 
them. 

2. Bearings: The rolling friction is less 
than the sliding friction. The free 
wheels of a cycle, motor car, shafts 
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of motors, dynamos etc are provided 
with ball bearings to reduce friction 
considerably. 


. Lubricants: A \ubricant is a sub- 


stance which forms a thir layer be- 
tween two surfaces in contact and 
reduces friction. It also fills the 
depression present in the surfaces in 
contact and smoothen them. tn light 
vehicles or machines, oils like three 
in one are used as lubricants. In 
heavy machines, grease is used. In 
auto-mobiles 2-T oil pumped into 
vanous parts with high pressure to 
reduce the friction and thus increase 
the mobility. 


. Stream Lining: Auto-mobiles and 


aeroplanes are Streamlined to reduce 
the friction due to air. 


Laws of Friction: 
. Friction opposes relative motion be- 


tween two surface in contact and is 
always parailel to the surface of con- 
tact. 
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2. Friction depends on the nature of the 
two surface in contact i.e. nature of 
materials, surface finish, surface 
films, lubrication of surface, tempera- 
ture and the impurities between the 
two surfaces. 

3. Friction is independ of the area of 
contact between the two surfaces. 


4. Friction is directly proportional to the 
normal reaction acting on the body. 


CIRCULAR MOTION 


Rotational motion: A body is said to pos- 
sess motion of rotation if (i) all the par- 
ticles of the body move in circles with 
their centres lying on the axis of rotation 
and (ii) all the position vectors sweep out 
the same angle in a given time interval. 
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Angular displacement: ot a particle 
moving ina circle may be defined as the 
angle swept out by the position vector in 
a given time interval. 

The S.I, unit of measurement of angular 
splacement is radians. 

A radian is the angle subtended at the 
entre of a circle by an arc of length equal to 


.he radius of the circle. 6 (in radian) = — 


One radian = S60 = 57-3 
Qn 
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Angular velocity: is defined as the rate of 
change of angular displacement of a 
body. 

If a body describes a small angle Aé in 
small interval of time Afthen angular velocity 
w is given by the relation, 

A®@ 
@ = — 
At 

The unit of angular velocity is radians per 

second (rad s''). 


Time period: The time period of a body 
revolving about a fixed point is defined as 
the time taken by # to complete one full 
revolution. It is denoted by T. 

Frequency: The frequency of a body 
revolving about a fixed point (or a fixed 
axis) ts defined as the number of com- 
plete revolutions made by it in a unit time. 
Frequency it denoted by symbol ‘v. 


Relation between time period and fre- 
quency: 
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Relation between angular velocity, 
time period and frequency: 


1 
@ = 2K x 7 = ORV. 


Instantaneous angular velocity: of a 
particle at any given instant is given by the 
limit approached by the above ratio 
a as Af approaches Zero. |nstantaneous 
angular velocity. 


Angular velocity is a vector quantity. The 
direction of angular velocity vector of a Par- 
ticle rotating in a cirde is represented by an 
atrow drawn along the axis of rotation, the 
length of the arrow being proportional to the 
magnitude of the vector quantity. 

Relation between linear and angular 
velocity: v= ar 

The magnitude of the linear velocity of a 
particle moVing in a circle is the product of 
the angular velocity and the distance of the 
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particle from the axis of rotation. In vector 
form it is written as V= @x F> 
Centripetal force: is the torce that compels 
a body tc keep moving in a circular path 
with a constant speed and ts directed 
along the radius of the circle towards its 
centre 


—oV¥ 


Fig. 
Expression for centripetal force: This is 
denoted by the following formulae, 


wae 
= = mru* = 4r2n* 


Where mis the mass of a particle moving 
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alonga circle of radius rwith a uniform speed 
V. 


centrifugal force: A centrifugal force is 
defined as the force of reaction exerted 
by a body moving unformly along a cir- 
cular path on the external agent which is 
providing the centripetal force, by virtue 
of its constant tendency to travel alonga 
straight line path. 


The centrifugai force acts along the 
radius but in the outward direction. 


Heliocentric theory of planetary motion: 
According to the heliocentric theory of 
copemicus, the sun is considered as 
steady at the centre of the universe and 
all heavenly bodies revolve around tt in 
circular orbits. 


Kepler's laws of planetary motion: 


(i) Law of orbits. Each planet revolves 
around the sun in an elliptical orbit. 


(ii) The law of areas. The radius vector 
from the sun to the planet sweeps out 
equal areas in equal times /.e., the 
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speed of the planets varies insucha 
way that the line joining the sun and 
a planet sweeps out equal areas in 
equal times. Thus our earth moves 
with greater velocity when it is close 
to the sun. 


(ii) The /aw of periods. The square of the 
period ot any planet about the sun 


(T*) is proportional to the cube of the 


planet's mean distance from the sun 
2 


(r>), {n other words as is constant for 
r 


all the planets. 


Newton's law of gravitation: According to 
newton every particle of matter in this 
universe attracts every other particle with 
a force which is directly proportional to 
the product of the masses of the particles 
and inversely proportional to thie square 
of the distance between them, 


MM 


Fa or F=G 


G2 
where m, and m2 are the masses of two 
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bodies and d ts the distance between 
them. Gis a unlversal gravitational con- 
stant. The value of G is 6.67 x 10°"! 
Nm? kg *. Dimensions of gravitational 
constant G are{M~'L>? T 4p. 
Relation between gravitational con- 
stant (G) and acceleration due to gravity: 


(9) 


g= o Ig= 9-8 ms? 


G=6-67 x 10°" Nm*kg *. 

R = radius of earth = 6.38 x 10° m 

M = mass of earth 

Gravitational field: The space surround 

ing the attracting particle within which its 
gravitational force of attraction may de 
experienced (or detected) is known as 
gravitational field of that particle. 


Intensity of gravitational field: The 
gravitational field intensity at a certain 
point in the gravitatiunal field due to a 
given mass is the force experienced by a 
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unit mass piaced at the point. In S! sys- 
tem ann field in tensity is N kg" 
orms 

Gra vitatic Ona! potential energy: The ener- 
gy associated with a body as a result of 
its position ii the gravitational ficid of the 
other is called yravitational potential ener- 
gy. 
The gravitaticr:al potential at a point in 
the gravitational field of a given mass is 
the amount of work done in bringing a unit 
Mass from intinity to that point. The ex- 
pression for gravitational potential ener- 
gy at a point is 

_ GMm 
an 
The -ve sign indicates that work Is done 
by the gravitational! force ct attraction. 

Satellite: Now come to satellite. A satellite 
is a body which revolves round a planet 
without consumption of tuet or energy of 
its Own. 

Orbital velocity: The velocity of about 8 
kms’ which is given to an antificial satel- 
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lite a few hundred kilometre above the 
earth's surface So that it may start circling 
the earth is called orbital velocity. 


SATELLITE 


Fig. 
Expression for orbital velocity, 


v=R Val. 


For a sattelite orbiting close to the earth 
h=0 $0 orbital velocity is given by v= VgA. 


Time penod ofa satelliteis the time taken 
by it to come one revolution. It is given by 
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7 2t [RaRE 
R g 


Time period in terms of density is 


T= 3n (FR + h) 
GR''p 


Velocity of escape: \t may be defined as 
the least velocity with which a projectile 
must be projected in order that it may 
escape the earth gravitational pull. The 
escape velocity is given by the expres- 
sion v= V2gR. 


Rigid body: A perfectly rigid body is that 
which cannot be deformed. It can be said 
that position of different particles ina rigid 
body are fixed and their relative positions 
do not change even in motion. 


Moment of inertia: of a rigid body, about a 
given axis of rotation is the sum of the 


products m/ taken for all the particlos 
constituting the body, where mis mass 
of a particle and r its normal distance 


from the axis of rotation. /= £m. Moment 
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of inertia is a scalar quantity. Its unit is kg 
m? and dimensions are [ML”}. Moment of 
inertia of a body about a given axis of 
rotation depends upon the following two 
factors: 


(i) Mass of the body and 


(1) Distribution or configuration of the 
particles of the body with respect to 
the axis of rotation. 


Moment of inertia in terms of rotation- 
al kinetic energy: Moment of inertia /= 2 x 
Rotational kinetic energy. 


Radius of gravitation: is defined as the 
distance from the axis of rotation at which 
if the whole mass of the body is con- 
centrated, its moment of inertia about the 
axis is the same as that with the actual 
Gistnbution of mass. 


K=VR+A+A+ antes +f, 


Angular Momentum: of a ngid rotating 
body about a given axis is the vector sum 
of the moments of linear momenta of all 
the particles constituting the body abou! 
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that axis. Angular momentum is a vector 
quantity. 

Torque: The torque of a force about an axis 
is measured by the product of the force 
and the perpendicular distance of its line 
of action from the axis of rotation. Torque 
is generally denoted by t. The torque + 
of a force Pacis at a distance 7’trom 
Hy as f rotation is given by the relation 

. It is vector quantity. The unit is 
; h and its dimension are (ML? T~ 2}. 


Relation between angular momentum 
and torque: 


t= =. Torque acting on a rotating body 


iS equal to the rate of change of its an- 

gular momentum with time. 

Expression for the work done by a 
torque: Work done by a torque (or couple) 
= Torque x angular displacement. 


GRAVITATION 


Types of forces: The various types of 
forces in nature has been classified into 
the following categories. 


(i) mechanical force 
(ii) gravitational force 
(lil) electrical force 
(iv) magnetic force 
(v) frictional force 
Gravitation: All objects passessing mass 
have the property of gravitation. = - 
Gravitation is the force of attraction be- 
tween any two objects of this universe. A 
chair tying in a room attracts all other 
objects including the earth. 
Gravity: itis the force of attraction between 
the object and the earth. 
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Newton's law of Gravitation: Everybody 


or 


in this universe, attracts every other 
body, with a force, which is directly 
proportional to the product of their mas- 
ses and inversely proportional to the 
square of the distance between them. 


Mathematically 


M .M 
Pa 
of 
My.M 
F=6--— 
a 


wher3 m, and /m are the mass of two 
bodies and d;, is the distance between 
them. 

G is a constant known as universal 
gravitational constant. 

The gravitational constant G, between 
the sun and earth is 6.67x 10°"! 
Nm/kg’. 


Acceleration due to gravity: It is the ac- 


celeration with which a body falls freely. 
It is independent of mass of the body. 
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The value of acceleration due to gravity 
is not constant at all parts on the earth's 
surface. However, for practical pumoses the 
value of g is 9.81 m/s’. It is denoted by g. 

Mass: The quantity of mattar contained in 
a body is known as its mass. Itis a Scalar 
quantity, and is measured in kg. 

Weight: The force with which a body is 
attracted towards the earth is called its 
weight. 

The weight of a body W= mg, where m 
is the mass of the body. 

Centre of gravity: is a point where the 
whole weight of the body is supposed to 
be acting. 

(a) Centre of gravity of a uniform road 

lies at its mid point. 
(b) centre of gravity of a circle or sphere 
lies at its centre. 

(c) centre of gravity of a square lies at the 

intersection of its diagonals. 
(d) centre of gravity of a hollow cylinder 
lies at the common axis. 
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(e) centre of gravity of a rectangle or 
pardnelogram lies at the intersection 
of diagonals. 


G 
A 3) 
W (a) 


x] © Ke 
(b) (c (d) e) 


) 
Fig. Centre of gravity uf some common 
laminas 

Weightlessness: is the state of a body, 
when no gravitational force acts on it. It 
has been proved that a person in space 
feels weightlessness. 

Projectile: A body moving in atmosphere 
and is not being propelled by any fuel is 
called a projectile. The motion of astone, 
thrown with velocity u in the honzontal 
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Fig. 
direction as shown in Fig. The path 
OABC of the stone is called a Projectile 


Calculating the value of q: Newton's 
Law of Gravitation can be applied in the 
follo-wing manner to calculate the value 
of g. 


Let M.= mass of the earth 
m= mass of an object 
R= radius of the earth 
F= {tcrce with which the earth at- 
tracts the object. From 


Newton's Law of Gravitation, 
we get 
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Mexm 
FG. ee mn ()) 
Also F is equal to weight of the body 
or F=mg m1) 
From equations (I) and (il), we get 


or g= G.— 


The above equation proves that g is 
directly proportional to M, and G, while ft is 
inversely proportional to the square of radius 
AR. Since it is independent of m, every body 
lalls with the same acceleration towards the 
earth. 


Newton's Third law of Gravitation: 
Newton's third law of motion Is also ap- 
plicable to law of gravitation. The gravita- 
tional force of attraction between two 
bodies is mutual. A freely falling stone 
acelerates towards the earth. This is due 
to gravitational force exerted by the 
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earth. In fact stone also attracts the earth 
towards it. However, acceleration 
produced in the stone Is noticeable while 
in the earth in negligible. 


Vertical distance of fall ofthe moon in 
2 days. 


Let M,= mass of the earth 
Mn= mass of the moon 
R= _ distance between the earth 


and moon 
Fz= force of attraction 
M,.M, 
thus F=G—* 
Fe 


From Newton's second law ot motion, the 
acceleration 


F GM 


a=——= 
Mm Re 
Also distance of fall S = zat 


Fall of moon in 2 days 
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2 

1 i 

i Yas 3600 « *(2 x 24x 3600)" 
Lge 1 

2 * 3600 

1 


1 


x 9(2 x 24 x 3600)° 


5% ' 5600 « 9.81(2 x 24 x 3600)* 


= 40642 km. 


Galileo's Experiments: Gallleo dropped 
two stones of and unequal masses from 
thetop of tower of Pisa and observed that 
both the stones reached the ground at 
the same Instant. By this experiment he 
conduded that acceleration of tt.e freety 
falling object does not depend on the 
mass of the object. 

Guines and Feather Experiment: Newton 
took a long glass tube as shown In Fig. 
Inthe first case he droppec a guinea and 
leather at the same time (from A). 


He observed that guinea came to the 
bottom much earlier than feather. in the 
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second case he created complete 
vacuum in the tube. He again dropped 
the guinea and feather at the same in- 
stant. Thus he observed that both the 
guinea and feather came down af the 
same time. He corcluded that in the ab- 
sence of air, all bodies fall towards the 
earth at the same rate with uniform ac- 
celeration. This acceleration is called ac- 
celeration due to gravity (9) and does not 
depend upon the mass or shape of the 
object. He calculated (he value of g as 


9.81 m/s?. 


ENERGY 


Energy: It is the capacity to do work. Ener- 
gy is required for cooking, running an 
engine, launching a turbine, propelling a 
ship etc. In fact the uses of energy are 
numerous and is needed in everyday life. 
The units of energy are the same as that 

of work i.e. Joule (J). The various forms of 
energy are heat. mechanical, chemical, 
electrical), and nuclear. 

Joule: is the amount of work done by one 
newton force to move abody through ene 
metre. 

Machine: is a device that is capable of 
doing some useful work when energy is 
supplied to fl at Some convenient point. 

Power: The rate cf doing work is called 
power. It is measured in watt. 
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Watt: The rate oi doing of one joule of work 
per second is known as watt. 
Joule 
Watt = era 
1 kilowatt = 1000 watts 

Horse power: The consumption of energy 
at the rate of 746 watts per second is 
equal to one horse power. 

or 1H. P. = 746 watts. 

Engine: An engine is a device used to 
convert heat energy into mechanical 
energy. Steam engine or locomotive or 
electric converts heat energy into 
mechanical energy, to transport pas- 
sengers and luggage. _ 

When water is heated, it ts converted into 
steam. The volume occupied by steam is 
much larger as compared to the volume 
of same amount of water. 

Itis also capable of exerting greater pres- 
sure on the walls of the container. When 
steam under pressure is forced into the 
cylinder, it exerts pressure on the piston, 
and pushes it and expands. 
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This movements of the piston is used for 
running a lysomotive or steam engine. The 
Durning fue!. neat the gases. As such in- 
crease in volume of gases takes place. The 
increased volume of gases, exert pressure 
onthe piston to do useful work. 


Some uses of energy 


(i. Wind rnills are used for lifting water 
frorn te ground for agricultural pur- 
oses. it utilises the energy of wind to 
do useful work. {t can also be ised for 
production cf electricity. 

(iil) Solar energy is used to cook food, 
boil water (solar boilers) and produc- 
tion of electricity (Solar cells). 

(i) Water wheels convert the hydraulic 
energy to electrical energy. 

jv) Water wheels are used for rotating 
wheels of a potter. 

(v\ Wind energy is used for mining. 

Internal combustion engine: in an inter- 
nal combustion engine fuel is injected 
into the engine and ignited. Due to ex- 
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pansion of heated gas, the piston moves 
inside the cylinder to do useful work. 

Steam engine: Steam engine is an exter- 
nal combustion engine. In steam engine 
steam is produced outside the engine, 
and then forced inside the cylinder to 
convert it into mechanical work. 


The working of a steam engine is 
described above in Engine. 


Wind mill: A wind mill consists of anumber 
of vanes mounted on the stand. The 
lifting pump in fitted inside the water pipe. 
Due to velocity of wind, kinetic energy is 
imparted to the vanes and vanes start 
rotating. The rotation of vanes move the 
pump up and down. Due to vaive fitted 
inside the water pipe, water is lifted up- 
wards to do useful work. 

Water wheel: is a device that converts 
kinetic energy for flowing water into 
electricity. 

Limitations of wind mill and water wheel: 
Winds do not blow at sufficient speed at 
all ttmes. Similarly water currents are not 
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available at suitable speeds throughout 
the season. The energy possessed by 
wind is also limited and non-uniform. 
Thus wind milis and water wheels are not 
commercialiy useful for thie production of 
electrical energy. 

Principle of amachine: A machine is used 
to do useful wark. A lever as shown in 
Fig. is the simplest type of a machine and 
is used extensively for lifting neavy loads. 


input = Output 


Fig. 
When an efiort P is applied at end B of 
the lever. load W is lifted upwards. In this 
case. 
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Input =Pxy 
Where y = arm of the lever on the effort 
side 
Also output = Wx x 
Where x = arm of the lever on the load 
side 
According to panciple of the machine 
Px y=Wx x. 
Suppose we lift a load of 100 kg by a lever 
110 cm long. If x = 10 cm and y= 100 
cm, then effort required to lift the load of 


100 kg can be calculated as below by 
using the relation, 


Px y=Wxx 
or Px 100 = 100 x 10 
or P=10kg 


Thus an effort of 10 kg can lift a load of 
100 kg. 


Conservation of energy of a freely fall- 
ing body: Law of conservation of energy 
States that, ‘energy can neither be 
created nor destroyed but can be 
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changed from one form to another.” 


Fig. 


Consider a body of mass ™ lying at a 
height h from the ground, as shown in Fig. 


Potential energy of the body = mgh 
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The body is at rest at A, thus K.E. of the 
body is zero. Also initial velocity u = 0 


Thus total energy of the body at A 
=K.E.+P.E.=0O+mgh=mgh_...(i) 
Consider that the body siarts falling. And 
after some time it is at point. B. 
Let h, = height of its fall from A to B. 
The Potential energy of the body at point 
B=mg(h- mm) 


K.E. of the body = 5m 


V-u=29S 
¥ -0?=29.m 
Vv =29.m 


K.E. of the body = 5m Z xm x 2ghy 


= mghy 

Thus total energy at B = 
mah-m)+mg.h=mgh. _ ...(it) 
From equations (i) and (ii) itis proved that 
total energy of the body is same. Similarty it 
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can be verined that toial energy of the body 
on the ground = mgh 

it varifies (i: aw of conservation of ener 
wav 


Joules experiment of mechanical of 
mechanical equivalent of heat: 
Mechanical equivaient oj heat is defined 
as the amount of work done to raise the 
temperature of unit mass of water 
through 1 © 
Ke repeated ms expenment many times 

and confirmed his law. He found tat 4186 
Joules of mechanical energy is roauirad ta 
raise the temperature of 1 kg of water 
Pee ee : 

Heat Energy sad Mechanical treray: 
Buea ae “Henher De ered not 
destroyed i otcan be cnanqed iia one 
form to areser Practically it hus been 
Seen tat wee Of availabe tney tancal 
@Nelgy oi Te Converted wile boat ener 
gy bul woowofavailabie feat ener 
gy Caneat oe converted ito strocnancal 
enerqy 
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Mechanical Energy + heat energy 


Heat energy > Mechanical energy + un- 
stable heat energy. Unstabie heat energy is 
the energy that remains in the form of heat 
and is not convened into heat 

Engines that were first designea were 
abie to convert only 10°% of heat energy into 
mecnanical energy. However, now a days 
improved engines are used. The efficiency 
or output of these engines is only 40%. 

The remaining 60% of heat energy goes 
as waste. it is not possible to convert 100% 
neat energy into work. 


Energy needed for different processor: 
The sMoure of energy neecer for af 
ferens Processes iS SNCWN bElew 


Energy peceed for different processes 


peer a ee at 


i Process . Armmount of energy 
: needed |! 

a ere eels -4 
Work don: by tne, Apgerox, 1 J per 
i heart in PUMPING | | heart beat. | 
' blood. ! 


Y 
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9.81 J, say 10! 
approx. 


37 MJ 
(37,000,000). 


Energy required to 
lift 1 kg by 1m. 


Energy obtained by 
burning 1 litre of 
petroi. 


Energy required for; Approx. 7.5 KJ. 

builing a cup of milk. | 

Kinetic Energy: \t is the energy possessed 
by a body by virtue of its motion. Mathe- 


matically. 


1 
KE: sm 


where, m= mass of the body. 
v = velocity of the body 
Potential energy: \t is the energy pos- 
sessed by ihe bocy due to its position. 
PE. =r..g.h. 
whee m= mass ofthe body. 
g = acceleratic 1 due to gravity. 


h = height of the body above 
the reference point. 
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Mechanical Energy: The sum of pctential 
energy and kinetic energy is known as 
mechanical energy. 

Mechanical energy = K.E. + PE. 

Escape Velocity: It is the minimum velocity 
with which a projectile must be projected 
ventically upwards so that it overcomes 
the earth’s force of attraction and es- 
capes into the atmosphere. 


Conservation of energy: As already 
stated energy has many forms such as 
mechanical energy, heat energy, light 
energy, electrical energy, etc. one form 
of energy can be converted into another. 


(i) in a steam engine, heat energy is 
converted into mechanical energy. 


(ii) In battery chemical energy is con- 
verted to electrical energy. 


(iii) Inanelectric bulb, electrical energy is 
converted into heat and light ener- 
gies. 


(iv) tn a motor, electrical energy is con- 
verted into mechanical energy. 
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(v) In a dynamo, mechanical energy is 
converted into electrical energy. 


Lawofconservationofenergy: The total 
energy of a-closed system is constant. It 
can neither be created nor destroyed, but 
can be converted into other forms. 


Uses of Kinetic Energy: Kinetic energy is 
the energy of ine body by virtue of its 
motion A moving object is capable of 
doing work in a variety ot ways. 

A few examples of kinetic energy are 
given below. 


(i) Falling water from a dam is used tor 
producing electricity. 
(ii) Abulletfiredfroma rifle moves at high 


velocity. It can damage the objects 
placed in its path. 


(iii) Winds are capable of running a wind 
mill. A wind mill is used for taking out 
water trom the wells. 


Use of Potential Energy: The energy pos- 
sessed by a body by virtue of its position 
of shape is known as potential energy. 
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Some work is required to raise a stone 
above the ground level. 

When the same stone is released. ft falls 
downward. During its downward journey 
it is capable of doing work. A few ex- 
ample of potential energy are given 
below. 


(i) A compressed spring can do work, 
when comprecsive farce is removed 
from it. 


(ii) The hands of a clock move with the 
help of springs. 


Measurements of Kinetic Energy: Con- 


Let 


sider a body of mass / at rest. 

Initial velocity of the body, u = 0 

Force applied = F 

Acceleration = a 

Time of application of the torce, f= 0, 

Let S = distance moved by the body 
in time ¢. 

From Newton's second law of motion. 
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F=mxa=mx* ( . u=0) 


Distance covered by the body 

S = average velocity x time 

U+V Vv 
= =—xt 
D xt 2 x 

Now K.E. = work done = Force x distance 

=Fx S 

= UD yen x Ls a, mY 


f 2 


Measurement of Escape Velocity: Es- 
Cape velocity is the velocity with which a 
particle must be projected upwards, so 
that it escapes out of the earth's graviia- 
tional force of attraction. 


Let v = escape velocity of the particle. 
M,.= mass of the earth 
G = Gravitational constant 
m= mass of the rocket 


The kinetic energy of projection = 5 m? 


The kinetic energy of projection must be 
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more or at the most equal to work done 
in moving the body from the surface of 
the earth to infinity. 

Gravitational force between the earth 
and the object. 


The work done by the rocket Is the Kinetic 
energy of the rocket. 


1 Me.m 
r —mv*>G. 
0) 5 >G Ree 
or v*> 2G. ied 
Re 
or v> \ 2GMe 
Re 
or V > V2Re.g 
or v>v2x64x 10° x 9.81 


v>11.2x 10° m/s 
v>11.2kn/Vs. 


SOLIDS 


Solid. ttis that state of matter in which its atom 
and molecules are strongly bound, so as to 
preserve their own shape and volume. 

Crystalline solid ts one which has regular 
and periodic arrangement of atoms or 
molecules in three dimensions. 

Amorphous solid. is one which has nota 
periodic arrangement of atoms. 
Difference between crystalline and 


amorphous svlids. 


Crystalline solids 


Amorphous soiids 


The atoms or molecules 
in these solids are 
arranged in a requiar 
and repeated long 
range order. 


The atoms or molecules 
in an amorphous solid 
are not according to any 
defintte order, with no 
long range order of 
aioms or molecules. 
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Solids 


A crystalline solid has a 
sharp metting, since all 
the bonds between 
atoms are equally 
strong. 


Crystalline solids are 
anisotropic ie. their 
physical properties like 
thermal conductivity, 
electrical conductivity, 
refractive index etc. are 
different along different 
directions. 


Some crystalline solids 
are sodium chioride, 
diamond, lead etc. 
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An amorphous solid 
does not have a sharp 
melting point because 
all the bonds between 
the atoms are not 


Amorphous solids are 
isotropic fe, their 
physical properties are 
the same in. all 
directions. 


Some amorphous 
solids are glass, rubber, 
plastics etc. 


Crystal lattice. A crystal lattice is purely a 
geometrical conception, consisting of a 
periodic arrangement of points, such that 
placing different atoms (or group of 
atoms) on these points, we obtain the 
actual crystal. 


Unit cell. is the smallest closed figure 
formed by the smallest number of lattice 
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point which when repeated over and over 
again in all the directions, forms the ac- 
tual lattice itself. 


Co-ordination number of unit cubic cell. 
The total number of atoms which act as 
the nearest neighbours of a particular 
atom in a unit cell is Its defined as its 
co-ordination number. 

Atomic packing factor. lt is defined as the 
ratio of the volume occupied by the 
atoms in a unit cell to the volume of the 
unit cell. 

Atomic radius. The atomic radius is halt 
the distance between the centres of two 
neighbouring atoms of the same kind. 
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Charac teristics of cubic cells 


| Characte: stics bcc 
cell 


Unit ceil volum:: og 
i (a=b=c) 


No. of atorns perunit{ 
cell 


Co-ordination nunver| 6 


Atomic packing: 
factor 


Atomic radius 


6 
2 
2 


Space lattice in cubic system. There 
are three types of cubic system 
(i) Simple cutic (sc) lattice. is the 
simplest type of structure in which 
atomslike pcsition only at the corners 
of each unit cube. 


(ii) Body centied cubic (bec) lattice has 
lattice points at the corners of each 
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unit cell plus one lattice point at the 
centre of each unit cell. 
{SC) 
ia? (B) 


Fig. (C) 
oi, Face centred cubic (fec) lattice has 
one lattice point at the centre of each 


¢ 


iace besides having lattice points at 


Solids 207 


the camers of each unit (cubic) cell 

Characteristics of cubic cells. (i) Volum*+ 

of unit cell (it) Number of atoms per unit 

Cells (iii) co-ordination number of unit cell 

(iv) Atomic packing factor (v) Atomic 

radius. 

Assumptions made inthe determination 

oi the characteristics ot Cubic cells. 


\\) These sphere nave the same size’ 
‘it) All the atoms of a solid are hard and 
impenetrable and 
(ui) These sphere touch one another 
while lying at various !attice peints 
Voiume of unit cubic cell. Ati the ree 
roves of cuOIC CGHS. we Mave gb, 
therétore the volume ofthe urit cubes ceil 
is given by V= a. 
Number of atoms per unit volume. 
CSc) (Sima Seto Stroctdfe Vaso 
are soynt corner atoms and each 
come: atom is shared by aght Sur- 
rounding Cubes. Therefore snare ot! 
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1 
each cube = 3 Of each comer atom. 


Hence in a simpie cubic structure the 
number of atoms per unit cell 


1/8th of on atom 
(Corner stom) 


(ti) (bcc). There are eight atoms and one 


at each comer and on* centre atom. 

Out of eight comer atoms each atom 

is shared by a cube. Therefore the 

number of atonis per unit cell in body 
centred cubic structure is 


1 
-=—xK8+1=1+1=2 
got + 
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(iii) (fcc). In this structure eight comer 
atoms are shared by eight surround- 
ing cubes and each of the six face 
centred atoms is shared by two ad- 
jacent cubes. 


Total number of atoms in fcc 
: 1 1 
unit cell = — x8 +5 x§6=1+39=4 


Chemical bond: The attraction between 
the atoms of a molecule which is respon- 
sible for its stable state is called a chemical 
bond. 

Types of bonding in solids: (i) lonic 
bonding. An ionic bond is one which is 
formed by the complete transference of 
one or more electrons from the valency 
(outermost) shell of an atom to the valen- 
cy shell of the other atom so as to acquire 
the electronic configuration of the 
nearest noble gases. . 


The atom which locses electrons be- 
comes a positive ion and one which gains 
them becomes negative ion. For ex- 
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ample. when atoms of Na and Ci. are 

brought ‘ogether, one electra: cf sodium 

iS transterred to chlorine atom leaving 
there Nas and CL- tons. 

Cohesive energy of an ionic crstal: ts 
the encray required to transtern the 
crystal nto -soidted ions. The hist:er the 
cohesive energy, the more stable is the 
rey stal 

Properties of ionic crysials. 
(i) Their heats Of vapounsauun is very 
high , 
(ul) They Rave tugh cohesive energy so 
thatthen reiting points are very high. 
aap They are card and unttis ung 

avy Phey ata poor conductors of 

rlectieity i Solid Slate. 

Covalent band ai covalent sdkuge f5 
Sadie He fore vec wren two atoms Combine 
Ge Stan. U2 eetons ay their culennast 
Snails as to housed Slable confquratian, 

Digits’ os an imponant example ol a 
COVALENE DOO sha 
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Properties of covalent bond. 

(i) Covalent bonds are very strong so 
that meterials having such bonds are 
quite hard. 

(ii) Covalent compounds are poor con- 
ductor of electricity. 

(iii) The covalent Solids have high melting 
point. 

Metallic bond. A metal behaves as if itis a 
regular array (arrangement) of positive 
ions immersed in a sea of uniformly dis- 
tributed free electrons, the force that 
binds a metal atom to a number of 
electrons within its sphere of influence is 
called a metallic bond. 

Properties of metallic solids. 


Following are the properties of metailiic 
Solids. 

(i) The metals acts as good corducta:s 
of electricity because the free 
electrons in meta! act as charge car- 
ner. 


(ii) They act as good conductor of heat. 
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(uly Metallic bords are non-directional. 
the metals can be readily deformed 
and also alloved with one another. 


(iv) The metals present a lustrous ap- 
pearar_e. 


Vander Wiaal’s bonds: The weak attrac- 
tive forces between the itams and 
mctecules are called Vander Waal's for- 
ces. Tre bonds constituted by such for- 
ces are cailed Varder Waal’s bonds (or 
molecular bonds). 


A molecule though electrically neutra! 
does not have uniform distribution of 
nositive and negative charges. The 
centre of mass of + ve charges does not 
coincide with the certre of mass of -ve 
charges. The rnoiecule behaves as if + 
ve and - ve charges are Sepuraled by a 
certain jistance. This is called an electric 
dipole. These dipoles attract cach other 
and provide Vander Waal s bond. 


For Examples, Benzene methane, 
Clo. to ete 
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Properties of Vander Waal's bonds. 
(i) Molecular crystals are very soit and 
easily compressible because Vander 
waal’s bonds are very-weak. 


(ii) They have low metting and boiling 
points. 


C=) O—O 


Distribution of Charges Electric dipole 
in molecule 
Fig. 
(iii) They are poor concuctors of 
electricity because of absence of any 
free electrons or lons. 


Energy band: |n case of a single isolated 
atom, the electrons in any orbit possess 
definite energy. An atom in a solid is 
greatly influenced by the closely-packed 
neighbouring atoms. Hence the electron 
in any orbit of such an atom can have a 
range of energies rather than a single 
energy which is known as energy band. 


214 Physics 
4 
"3 " 


Nucleus 


e 3 rd. energy level 


12 2 nd. energy level 


r" 1 st. energy level 


r3 
2 


\ 


Solids 215 


The range of energies possessed by an 
electron in a solid is known as energy band. 

Bands In solids: The important bands 
In solids are 


//, Conduction Band /7 Forbidden 
Gap 


Fig. 
(A) Valence band (B) Conduction band 
(C) Forbidden band. 


(A) Valence band. ts the range otf ener- 
gies of band occupied by valence electrons. 
Valence band has the electrons of highest 
energy. 

(B) Conduction band constitutes the 
range of energies possessed by constitutes 
the range of energies possessed by conduc- 
tion electrons. Conduction electrons are the 
valence electrons which get detached from 


Band Energy 
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the atom and become free electrons. These 
free electrons are responsible for the con- 
duction of current in a conductor. Thus In 
conduction band: 


(i) The conduction band is empty for 
Insulator and partially filled for con- 
ductor. 


(ii) All electrons are free electrons. 


(if) In conduction band the minimum 
energy of an electron Is zero. 


(C) Forbidden energy gap. Conduction 
known as band is separated from the 
valence band by a gap known us 
forbidden energy gap. No electrons 
of a solid can stay In the forbidden 
gap and when an electron from 
valence band absorbs energy equal 
to forbidden gap energy It jumps the 
forbidden gap and enters the conduc- 
tion band. 


Insulator. Valence band Is full while the 
conduction band is empty. Further the 
energy gap between valence and con- 
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duction band is very large (15 el). There- 
fore a higtrelectric field is applied to push 
the valence electrons to conduction 


band. 


15ev ~ Forbidden Gap 


Band Energy —~» 


Fig. 

Conductors: The unoccupied conduction 
band and filled valence band overlap 
each other as shown in figure. There is 
No energy gap and electrons can readily 


f 
3 Conduction Band Filled 


Fig. 
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Pass into the conduction band when an 
electric tield is applied, the electrons ac- 
quire energy to conduct. 

Semi-conductor: The energy gap be- 
tween the valence band and conduction 
band is comparatively small (= 1eV) Si 
and Ge are examples of semi-conductor. 
At absolute zero, all such materials are 
insulators. But at finite temperature ft Is 
possible tor some electrons in the 
valance band to acquire enough thermal 
energy to jump into the conduction band 
leaving empty levels in the valence band 
called holes. These holes act-as charge 
Carriers for the flow of current. 


Conduction Band | 
V/7 Nalence Band Y 
V/, Valence Band Y/) 


Fig. 


Eg=1eV 


Band Energy —» 
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Intrinsic semi-conductor: is one which is 
made of the semi-conductor meteria! in 
its extremely pure form. 


Extrinsic semi-conductor. Those intrinsic 
semiconductor to which some suitable 
impurity or doping agent or dopant has 
been added in extremely small amounts 


(cbout 1 part in 19°) are known as extrin- 
sic or impurity semi-conductor. 

n-type semi-conductor. \f an impurity 
atom of group V of the periodic table, like 
phosphorous, Arsenic is added to the 
pure semi-conductor (Ge or Si), then four 
of the five impurity electrons from 
covalent bonds by sharing one electron 
each of the four nearest Germanium 
atoms and filth electron trom each im- 
purity atom is almost free to conduct 
electricity. 
These additional electrons cannot be ac- 
comodated in the valence band, hence 
they occupy some discrete energy levels 
just near the bottom of the conduction 
band. The electrons are easily excited 
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from these levels into conduction band. 
The impurity so added is Known as donor 
impunity 

A semi-conductor dopped with pen- 
tavalent impurity is called n-type semi- 
conductor, which has an excess of 
negative charge carriers. 


Electron 


Fig. 

P-type semi-conductor. li a trivalent im- 
purity like boron, aluminium etc. is added 
in pure semi-conductor, the impurity 
atom can provide only three valence 
electrons tor covalent bond formation. A 
gap is left in one of the cuvalent bond. 
This gap acts as a hole that tends to 
accept electrons. 
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Such impurity is known as acceptor im- 
punty, 

The crystal so formed is called p-type 
semi-conductorwhere p stands for posi- 
tive charge carner. Addition of each im- 
purity atom makes the formation of a 
hole. The enercy of these positive holes 
is slightly greater than tne top of the filled 
valence band. 

The electrons from valence band are ex- 
cited by thermal energy to enter these 
holes. This results in the formation of new 
hole in valence band which is again filled by 
another electrcn producing another hole. 
Thus a hole can move freely in the 
valance band. 
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Diode: It tias “nly two electrodes and it is 
used for recufication of alternating cur- 
rant and tur detection of radio- waves. 


Dynamic resistance of diode: it is the 
ratio of a Sma Change in volume, AV, to 
a smali change in current Al Thus 


Principle of -sctification: The alternating 
single voltage to be rectified is applied 
across the vunction. When the signal is 
fooward niased in tne first half cycle, the 
alternating current is reverse biased and 
NO current tows, In this way the signa! 
etc cette © 

Tratsister oo. ob stably sc esared Semi 
Cie one, Ma ch ea or Or 
Mhoer witr c uantyorAntimonry, tadium, 


Yriode:))  otiscsts of three alectrades (ce. 
AMONG ae and gad’. Ths anid ts 
INSeMiat tetween the flamer! and tre 
anode piste : grdcortrols tre flow of 
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electrons from the filament to the plate 
and nence the plate current. The addition 
of grid makes the value usefu! for mag- 
nifying oscillations. When the triode is 
used for magnifying currentitis called an 
amplifier. 


Ampiitication Factor: \' is the ‘atts of 
chavyje in plate voitage to cCauseacenain 
change in plate current to the change in 
gnd voltage which, can affect the same 


change !n piate current. Tnus 


_ Ap 
~ AVg 
Piate Resistance: it is the ratio cf change 
in slate voltage tc ime consesuent 
enanage in pate cuvrent it Cumsra wud 
VOR AQT) 


Trans-conductance. :' is the ‘atic of piate 
current to change in grid voltage at con- 
Slant piate voltage 
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—— = 9m 


AVg 
Triode valve can be used as an amplifier, 
detector etc. 


STATE OF MATTER 


Classification of the objects: All the ob- 
jects in our Surroundings are classified in 
three categories (1) solids, (2) liquids and 
(3) gases. 

Identification of solids: An object is iden- 
tiied as a Solid if it retains ts shape in- 
definitely and generally resist change in its 
shape due to forces applied on &. A stone, 
table are some examples of the solids. 
Few solids like paper, cloth change their 

shape easily and generally exhibit elasticity. 

Deforming forces: When a body under- 
goes a change in its shape, length or 
volume under the influence of some ex- 
temal force, it is said to be deformed or 
Strained and the force causing deforma- 
tion is called the deforming force. 
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Fig. 

Elasticity: Whenever a deforming force is 
applied on a body, it undergoes a change 
i.e., it gets deformed and when the 
deforming forces is removed, the body 
tends to regain it original shape and size 
due to the restonng force in it. The 
property of body by virtue of which it 
regains its onginal shape and size when 
the deforming forces is withdrawn is 
known as elasticity. 

Perfectly elastic: A body which regains its 
onginal shape or size completely when 
the deforming force is with drawn, is said 
to be perfectly elastic. 
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Perfectly plastic: A body which retains its 
deformed shape and size when the 
deforming forces is wit*drawn is said to 
be perfectly plastic. 


Restoring force: A torce which opposes 
the deforming force is called the restoring 
force. The force tends to bring the solid 
back to its original position and does so 
when deforming force is removed. 


Elastic limit: The maximum stress (i.e. 
defosming force per unit area) the body 
can bear and yet return to its original 
shape and size when the deforming force 
is removed is known as elastic limit of the 
body. 

Stress: When a deforming force is applied 
to a body the distance between the 
molecules changes. As a result of the 
molecules experience a mutual force of 
reaction which tends to restore its initial 
conditions. 

This force or reaction is known as restor- 
ing force and the restoring force per unit 
area is called the stress. 
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Restoring farce 
Stress = 
Area 


The S.I. unit of stress is Newton per 


meter squared, Nm”. 


Strain: Tne change produced in a body by 
deforming force is called strain and is 
measured by change produced in some 
dimensions of the body divided by the 
total dimension. 

Strains are of various kinds. In case of 
change in jength the strain is called lon- 
gitudinal strain and it is defined as “The 
change in length per unit length.” If L is 
the original length of a wire and | is the 
change in length on the application of 
force then.” 

Longitudinal strain = : 
Strain is a ratio of two similar physical 
quantities, it has no unit. It is just a num- 
ber. 

Young’s modulus: Young's modulus is 
the ratio of stress to strain, when length 
of a Solid changes. 
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~ Strain — VL ~Tn/m 

The S.I. unit of Young's modulus is 
N/m?. 
Hooke’s law: Within the elastic limit the 


stress is directly propo ena to the strain 
produced in tt. 


. Stress & strain or —— Sttess = Constant. 
strain 


Free surface: The surface of a liquid that 
is in contact with the air above is known 
as the free surface. 

Membrane: A very thin thickness of the 
liquid surface from the free surface 
towards the liquid side is called 
membrane. 

Free Surface 


Membron 
Liquid Film 
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Surface tension: is the property of a liquid 

due to which its surface behaves as 
stretched membrane. 
Surface tension Is measured as the force 
acting per unit length on the line sup- 
posed to be drawn along the surface of 
liquid. Its unit is Nm~* or Um %. 

Capillary action: When a tube of very 
small bore ts dipped into a liquid vertical- 
ly, the level of liquid in it is either raised 
or lowered. This action of the capillary 
tubes fs called capillary action. 


Mercury 
EE EF 
Wier 


Fig. 
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Buoyant force: Whenever a body ts im- 
mersed in liquid, an upward force acts on 
the body by the liquid. 

This .upward force is called buoyant 
force. 

Buoyancy: The property by virtue of which — 
a body immersed in a liquid experiences 
on upward thrust is called buoyancy. 
Buoyant force depends upon. 

(i) volume (V) of the solid body im- 
mersed In the liquid. 

(il) density of the liquid (p) in which the 
body is Immersed, and 

(iii) acceleration due to gravity (g) 

Mathematically, Buoyant Force = V.p.g. 

Buoyant force = weight of the liquid dis- 

placed by the body. 

Centre of buoyancy: The point at which 
the buoyant force acts is known as the 
centre of buoyancy, and is defined as the 
centre of gravity of the displaced liquid. 

Archimede’s principle: When a body is 
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cubmerged wholly or partially in a liquid 
(or gas) it experiences an apparent loss 
in its weight which is equal to the weight 
of the liquid displaced by the body. If a 
body of volume v and density dis com- 
pletely submerged in a liquid of density p 
then the apparent weight = vdg-vpg, 
where gisthe acceleration due to gravity. 


Density: of the substance of a body is the 
ratio of its mass and volume. It is also 
defined as: mass per unit volume of the 
substance. if the mass of abody is Mand 
its volume be V, then the density p of the 
substance of the body Is given by 


_M 
aay) 


The unit of density is kgm * and the 
density of water at 4°C (277 k) is 1000 
kgm °. 

Relative density: of asubstance is defined 
as the ratio of the density of that sub- 
stance to the density of some standard 
reierence substance. 
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RD. = density of asubstance 


density of a reference substance 


As the relative density is a ratio of two 
Simiiar physical quantity, it has no unit. 


Principle of floatation of bodies: Whena 
body is immersed in a liquid, it is acted 
upon by two forces (i) the weight W of a 
body acting vertically downwards 
through its C.G. and (ii) the upthrust 
exerted on the body by the liquid acting 
vertically upwards through the centre of 
buoyancy. Whether the body will sink or 
float, ft all depends on the relative mag- 
nitudes of W and @ and three cz3es may 
arise vIZ W> wo; W=a; and W< a. 


(1) W>q@L.e., the weight of the body Is 
more than the upthrust. In this case 
{(Figure (a)] the body will experience 
a net resultant downward force (W— 
@) and will therefore, sink to the bot- 
tom of the liquid. This is the reason 
why a piece of stone or iron sinks in 
water. 
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(2) W=@Le., the weight ot the body Is 
equal to the upthrust. In this case 
[Figure (b)] the net force acting onthe 
body will be zero and the body will 
therefore float completely sub- 
merged in the fiquid or remain hang- 
ing in whatever position It is left In the 
liquid. 


(a) W > @ body sinks 


Ww 


(b) '1’= w body floats 
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(2) W<a@Le., the weight of the body Is 
less than upthrust. In this case [Fig- 
ure (c)] the body will experience a net 
resultant upward force (@ — W) and 
will therefore rise, and more of its 
portion emerges out more. it dis- 
places less and less liquid. The 
upthrust, which is equal to the weight 
of liquid displaced, decreases. When 
the upthrust reduces to the extent 
that It becomes equal to the weight of 
the body, magnitude of the force ac- 
ting on the body becomes equal to 
zero, equilibrium Is reached and the 

body floats. Figure (d). 


(c) W < @ body nses up tillW< ow 
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Fig. (d)W<@® 
The conditions for floatation of a body 
are: (i) The weight of the liquid displaced 
by the immersed part of the body must 
be equalto its own weight. (il) The centre 
ot gravity and the centre of buoyancy 
should be in the same vertical line. 


Pressure: Force acting per untt area of the 
surtace is called pressure. It is a scalar 
quantity. Its unit is Nm 2 or Pascal (sym 
bol pa) 


Pressure ata point: The normal force per 
unit area taken overa very small element 
of area surrounding the point. 


Expression for the measure of pressure at 
any depth below the surface of a liquid Is 
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p = hpg where pis the liquid density fitied 
in a vessel and his the depth below the 
liquid surface and g is the acceleration 
due to gravity. 


*Pascal’s law: Whenever a pressure is ap- 
plied from outside on an enclosed liquid 
at rest the pressure is increased at every 
point in the liquid by an amount equal to 
the externally applied pressure. Hence it 
is the pressure and not the force which is 
transmitted throughout the liquid. 

Atmospheric pressure: The pressure ex- 
erted by the atmosphere at a place is 
known as the atmospheric pressure at 
that place. The unit of atmospheric 


pressure is Nm 2 ( Newton per meter 
squared). 

Siphon: Siphon is a simple method to 
transfer a liquid from one vessel into 
another... It works on the principle that 
liquids flow from higher pressure to the 
lower pressure. The vessel from which 
the liquid is to be transferred is kept ata 
higher place. A long rubber tube is filled 
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with the liquic and one end is dipped in 
the vessel from which the liquid is to be 
transferred, and the and the other end is 
placed in the other vessel. The liquid 
Starts flowing from the vessel kept at 
higher place to another. 
Barometer: is a device to measure the 
atmospheric pressure. 


Stream line motion: The liquid whose 
molecules flow smoothly and the velocity 
of all molecules at a particular cross-sec- 
tion is same, is said to have stream line 
motion. 


Turbulent motion: The liquid whose 
molecules flow violently and the velocity 
of different molecules along a given 
cross-section at a given instant is dif- 
ferent is said to have turbulent motion. 

Viscosity: The property of a liquid by virtue 
of which it opposes the relative motion 
between its different layers is known as 
viscosity. 


Principle of continuity: ifan compressible 
and non-viscous liquid flows through a 
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tube of non-uniform cross section, the 
product of velocity of liquid and the area 
of cross-section is a constant. 


For continuous flow Ay = Agv2 
or Av = constant 
or vor = 
A 


‘ “The velocity of liquid ts more where area 
is 6maller. 


NANANASNS 2 


oN ANAS: 


Fig. 

Bemoulli’s principle: “For an incom- 
pressible liquid flowing along a tube of vary- 
ing cross-section the pressure and velocity 
are inversely proportion to each other’ /.e., 
when the speed of the Jiquid in a tube or 
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pipeline increases, the pressure decreases 
and conversely when the speed of the liquid 
decreases the pressure increase. 


Fig. 

Torricelli's Theorem. Tne liquid placed in 
a container to a height having a hole at 
the bottom then velocity of efflux 
= ¥2gh it is independent of liquid. 

Structure of atom: An atom consists of a 
central positively charged region called 
nucleus. Negatively charged electrons 
revolve around it. The nucleus consists 
of protons and neutrons. A proton carries 
a charge (positive) of 16x 10'°C. A 
neutron does not possess any charge. 
Mass of proton is roughly equal to that of 
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the neutron Le. 1.67% 10% kg. The 
change on an electron Is 1-6 x 10°" C 
and its mass Is 9-1 x 107°" kg which is 
mY 

1840 times that of a proton or a neutron. 
Thus the whole mass of an atom Is prac- 
tically concentrated in its nucleus. An 
atom is electrically neutral. So the num- 
ber of protons inside the nucleus is equal 
to the number of electrons revolving 
around it. 


e 
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Comparison of atomic model with 
solar system: 


Similarities (i) Planets revolve around the 
sun. Electrons also revolve around the 
nucleus. 


(i) Most of our solar system is an empty 
space. Atom is also an almost empty 
space. 


Dissimilarities (i) Gravitation force binds 


the planeis to the sun | F= Se] 


Coulomb's torce binds the electron to th 


nucleus.| F= we 


(ii) A planet can revolve around the sun 
in any orbit. It can have any snergy 
and the energy can very continuous- 
ly. In an atom, the electron can 
revoive only in certain fixed orbits. 
They can have only certain discrete 
(fixed) energy values. 


(t\) Atomic number: (ii) mass number. (i) 
The number of protons (or elactrons) in 
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an atom is called its atomic number (Z). 
(il) the total number of particles inside the 
nucleus (both the protons and neutrons) 
is called mass number (A). 


Isotopes: Atoms with same atomic number 
but different mass number are known as 
isotopes. The chemical properties of an 
atom depend upon it atomic number, the 
isotopes of an element are chemically in 
distinguishable. 

Emission of lights by atoms: An electron 
jumps from a lower energy state (lower 
orbit) to a higher energy state (higher 
orbit) by absorbing energy in the form of 
quantum of light. Similarly when an 
electron jumps from a higher energy 
state to a lower energy state (lower crbit) 
it releases energy in the form of a quan- 
tum (packet of energy) of light. 

(i) 1°A (ii) 1 fm 
(i) 1°A=10Mm = (il) 1 fm = 10°'Sm. 

Deuterium: is the heavier isotope of 

hydrogen. It is written as 7H cr 2D. Ithas 
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a proton anda neutron inside its nucleus. 
The nucleus has only one electron 
revolving round it. 

Heavy water: Water molecule formed by 
the heavier isotope of Hydrogen (namely 
deuterium) with oxygen is valled heavy 
water and is chemically written as DzO. 

Three Isotopes of uranium: Natural 
utanium consists of three isotopes 
aeeU, g U and 33‘U. The heaviest 
isotope %°U is the most abundant in 
nature, being 99-282% of deposits and 
$3°U is 0:712% while aU occurs in 
traces (less than 0:006% ) only. 

Radioactivity: Nuclei which emit radia- 

tions 6.g., alpha particles, beta particles 
or gamma rays are called radioactive 
nuclei. 
This phenomenon is called radioactivity. 
This phenomena was discovered by 
Bacquere!. This phenomenon is found 
among heavy nuclei only. 
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Properties ofa rays: 

(i) Mass of an particle is 4 times the 
mass of aprotonorhydrogennucleus 
and is equal to that of helium nucleus. 

(il) They are deflected by electric or mag- 
netic fleld. 


1 
of 
10,000 


the y-rays and 755 p that of B-rays 


(iii) Their ale power is 


(iv) They cause florescence. 


(v) They possess large velocities, there- 
_fore large kinetic energy. 


(vi) They are scattered and they pass 
through metal sheets. 


(vil) They are used for producing artificial 
disintegration of the nuclei. 


Properties of f-rays. 

(i) The mass of a @ partical is equal to 
the mass of an electron. 

(ii) The charge of a B-particle is also 
equal to the charge on an electron. 
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(iil) Their jonising power comparatively 
smatl being —- times that due to 


a-particles and 100 times that due to 
yfays. 

(iv) They are deflected by electric and 
magnetic fields. 


(v) They possess less kinetic energy be- 
cause their mass Is less 


(vl) They are 100 times more penetrating 
than a-particles but a. times that 


due to yrays. 


(vil) They produce tlourescence, they af- 
fect a photographic plate. 


(vill) Their velocities range between 30 to 
90% of the vetoctty of light. 


(ix) When they fall upon heavy metals, 
they produce X-rays. 


Properties of y-rays: 


(i) They are electromagnetic waves and 
have wave length of the order of 
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10° '* m. 
(il) {they fall upona substance they emit 
B-particles. 


(lil) They have very small lonising power, 
| a times that due to B-particles. 


(iv) They travel with veloctty of jight le, 
3x 108ms"! 

(v) They possess no charge and are 
therefore unaffected by electric or 
magnetic field. 

(vl) They have large penetrating power 
100 times that of B-particles and 
10000 times that of a-particle. 

(vii) Intense y rays produce flourescence. 

(vill) They produce photoelectric effect. 

(ix) They are diffracted by crystals. 

Positron: is a positively charged particles 
which has same mass as that of a B-par- 
ticle (l.e, electron) but an equal positive 
charge. Wherever a proton converts tt- 
self into neutron, a position is emitted. 
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Nuclear reaction: The process of Conven- 
Ing one element into another by artificial 
means ts called a nuclear reaction or 
transmutation. 

When an a-particie interacts with the 
nucleus of a nitrogen atom oxygen Is 
produced. This reaction can be written as 


tHe + }4N- §’0 43H 
A nudear reaction can be carried out by 


using a-particies protons, deutrons, 
tritones, neutrons etc. 


Fission: tt 8°U is bombarded by a low 
_ energy Neutron, K splits up into two nearly 
equal fragments and a large amount of 
energy is released. The phenomenon ac- 
cording to which a heavy enucieus splits 
up into two nearty equal fragments with 
the release of a large amount of energy 
ts cafled fission. 1 gm of %5U when un- 
dergoes fission produces about 10’ 
Joule of energy which fs equivalent to 
buming about 4 tones of coal. 
Chain reaction: A reaction which 
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produces the particles which initiated the 
reaction is called a chain reaction. 


When é3°U is bombarded by alow energy 
neutron it splits up into two nearly equal 
fragments and three neutrons are also 
produced. These additional neutrons 
cause further the fission of more $3°U 
atoms and so on. In an uncontrolled 
chain reaction, a tremendous amount of 
energy is evolved which can cause ex- 
plosion. 

Fusion: \t is a phenomenon, according to 
which two or more small nuclei combine 
together to form a single heavy nucleus. 
During this process, a large, amount of 
energy is released. 


(i) +H?+ 1H*-32H? 
(ii) yH' + 1H" + 1H! 2H2 + 218° 
(positron) 


The source of energy is sun and other 
star is a fusion process. 
Radio isotopes. Artificially produced 
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isotopes which exhibit radioactivity are 
known radioactive isotopes or radio 
isotopes. A radio isotope of any element 
chemically behaves exactly like other 
isotopes (i.e.,) normal of that element. 
But the radio isotopes emits radiations 
a, B, y-rays, so one can follow its cause 
during the reaction by detecting the 
radiations emitted. On this principle radio 
isotopes find use In various field like 
medicine, agricutture, Industry etc. 


LIQUIDS 


Intermolecular forces and states of mat- 
ter: Every matter consists of extra-or- 
dinariiy small particles known as 
molecules. Molecules of a body have 
inter molecular attraction among them- 
selves. At ordinary temperatures, how- 
ever, some sort of thermal motion is also 
associated with molecules. Thus 
molecules of a body are under the com- 
bined effect of these and two and their 
relative strength give rise to three states 
of matter i.e., solid liquid and gas. 


Solids: The force of inter-molecular attrac- 
tion is very strong and weak thermal 
agitation is unable to break the molecules 
away and Molecules are allowed to 
vibrate to and fro about their mean posi- 
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tions. Thus it ts clear that solid bodies 
have 2 definite volume as well as definite 
shape of their own. 


Gases: The intermolecular forces of attrac- 
tion is so weak that random thermal mo- 
tion can very easily overcome them. 
Thus molecules are almost free to move 
about any where in space available. 
Thus gas has rio size and shape of its 
own. 

Liquids: A \iquid occupies a position which 
is some what in between the two ex- 
tremes /.e., solid and gas. Incase of liquid 
although the molecules are to move 
about any where in the liquid still they are 
held together due to comparable attrac- 
tive forces. 

The molecules in a liquid are neither 
forced to sty permanently in an equi- 
librium position nor free to leave the com- 
pany of other molecules. A liquid has 
fixed volume but has no shape Of its own. 

Force of cohesion: The force of attraction 

between the molecules of the same sub- 
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stance is called the force of cohesion or 
the cohesive force. 


Force of adhesion: The force of attraction 
between the molecules of two different 
substances is called the force of ad 
hesion or the adhesive force. 


Surface tension: itis the property of liquids 
by virtue of which their free surfaces at 
rest behave like elastic stretched 
membranes with a tendency to contract 
so as to occupy minimum surface area. 


Fig. 

The magnitude of the force acting per 
unit length on either side of an imaginary line 
drawn in the free surface of a liquid is called 
surface tension. 


.. Surface Tension, 
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_ force on either side of the imaginary line ‘F’ 
a length of the line ‘!’ 


Unit of surtace tension is Nm ‘. Its dimen: 
sions are [MT *J. 

Surface energy: is the potential energy 
stored in the surface film of a liquid by 
virtue of tt special position. 

Relation between surface tension and 
surface energy. Surtace energy = Sur- 
face tension x area. 

Surface tension of liquid is equal to the 
amount of mechanical energy spent in in- 
creasing the area of its free surface by unity. 

Angle cf contact: The angle of contact is 
the angle 8 measured in degrees, which 


Glass Rod 


Fig. 
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the tangent to curved liquid surface at the 
point of contact, makes with the solid 
inside the 
Excess of pressure inside a liquid drop: 
is given by the expression, 
_ 20 
R 
where a is the surface tension and AR the 
radius of the liquid drop. 
Excess pressure inside co soap bubble: 
is given by the expression, 
_4o 
PR 
Capillarity: Tne phenomenon of rise or fall 
of a liquid in a capillary tube in com- 


Gloss rod 
Mercury 


Fig. 
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parison to surroundings is called capil- 
larity. 

Expression for the ascent of a liquid in 
a capillary tube: The rise of the liquid 
column (h) is given by, 


20cos® fF 
eer 
rpg 3 
where ris the rac.us of the tube, c is the 
surface tension, p is the density and 
angle of contact of the given liquid with 
glass is 6 


Fiuid: is that state of a substance which has 
the ability to flow. A fluid is of two kinds: 
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(i) liquid has a definite volume but has 
no shape of its own 


(ii) gas has neither any fixed volume nor 
has any definite shape of its own. 


Steady flow (stream line flow): When a 
liquid is allowed to flow such that each 
particie of the liquid passing a point 
travels along the same path with same 
speed as the preceding particles, which 
have passed the same point, the flow is 
said to be steady flow. 

Turbulent flow: |n a turbulent flow velocity 
of liquid particles leaving a fixed point is 
not constant, but changes continuously. 

Equation of continuity of ideal liquid: is 
given by a1v; = 42% where ai, az are two 
transverse section of the tube and wy, v2 
be the respectively the velocities. From 
above relation it is clear that the velocity 
of flow of liquid is inversely propotiona! to 
the area cross-section. 

Velocity is small at those points where 
area of cross-section of the tube is large 
and vice-versa. 
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Fig. 

Sernoulli principle: Bermoulli’s principle 
States ifa small amount of an incompres- 
sible, non-viscous liquid flows from one 
point to another, its total energy remains 
the same throughout the displacement. 

Bernoulli's equation: According to 
Bernoulli's principle of a liquid in motion 
sum of it pressure energy + gravitational 
potential energy + kinetic energy is con- 
Stant. 


.. For flow of unit mass of liquid, we have 
P 1 
4+ hg+~= ¥ = constant 
- + NG + 5 


Critical velocity: A velocity of flow of a 
liquid at which the stream line flow chan- 
ges into turbulent flow is called critical 
velocity. 
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Reynold’s number: A flow of a viscous 
fluid through a pipe is determined by a 
combination of four factors called 
Reynold number Np. 


Na= p.v.D 
nN 
where p is the density of the liquid; v its 
average speed; D the diameter of the pipe 
and n the coefficient of viscosity. 

Viscosity (internal friction): \t is a proper- 
ty by virte of which a liquid opposes the 
relative motion between the different 
layers. 

Coefficient of viscosity of a liquid is the 
tangential opposing force acting on unit 
surface area of the liquid layer moving in 
a region of unit velocity gradient normal 
to the layer, .e., F=-n 
S.1. unit of viscosity is kg m' s”’. 

Poiseuille’s formula: The relation 


V= ee is known as Poiseuille’s formula 


where Vis the volume of liquid flowing 
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out per second, p is the pressure dif- 
ference across the two ends of the tube, 
ris the radius of the tube, /is the length 
of the tube. 31 is the vicosity of the liquid. 
Terminal velocity: When a budy falls 
through a fluid, it attains a certain velocity 
after which the retarding viscous force 
just becomes equa! to the effective 
weight o: the body and the body there- 
alter begins to fall with a constant 
velocity 
This maximum velocity attained by a 
body white falling through a viscous 
medium is terminal velocity, (/.e.) 


V= Pg (p — 5)9 


Unit is ms‘ and dimensions is [M°L' T'}. 
Stoke's law: Stoke's law states that the 

backward viscous force acting on a small 

spherical body of radius ‘r moving with a 

uniform velocity ‘V through a fluid 

medium of coefficient of viscosity ‘Nn’ is 

given by 

Fe 6nnjvv. 


THE KINETIC THEORY 
OF GASES 


Fundamental assumptions of kinetic 
theory of gases: Are made regarding 
the model of the gas. 

(i} The molecules of a gas consists of 
hard, perfectly elastic spheres of very 
small size so that the volume which 
they occupy is a negligible fraction of 
the total volume of the gas. 

(ii) The molecules are in a state of cor.- 
tinuous random motion, moving in all 
possible directions with different 
velocities. 


(iit) Collisions are almost instantaneous 
i.e,,the time for which coilision lasts is 
very small as compared with the time 


261 


262 


Physics 


elapsed between two successive cok 
lisions. 


(lv) Between two consecutive collisions, 


(v 


——_ 


a molecule travels in a straight line 
with a uniform velocity. The average 
distance through which a molecule 
moves freely between two succes: 
sive encounters is called the mean 
free path. 


Since the distance between the 
molecules of a gas fs large as com- 
pared to that In case of a solid ora 
liquid, the force of attraction 
(cohesion) between the gas 
molecules Is supposed to be negi+ 
gible. 


(vi) The molecutor collision do not disturb 


the average density of the gas. 


Kinetic theory and gas pressure: The 
pressure ot a gas is the result of conti 
nuous bombardment of the gas 
molecules against the walls of the con 
tainer and is equal to the total momentum 
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imparted per second per unit area of the 
walls of the container by the bombarding 
molecules. 


Expression for gas pressure on the 
basis of kinetic theory: p =—— aC 


where nis the number of gas nce 
mis the mass of each molecule and ots 
called root mean square velocity or 


p= aye where (m x n) denotes the 


total mass of gas say M or P= a0 
where p is the density of a gas 


1 2.1 2 
or P= PC ==X50C oF p=5e 


where E = 5eC) stands for. the kinetic 


energy per unit volume of the gas. 


Derivation of the following laws: Follow- 
ing laws can be derived from the kinetic 
theory of gases. 


(i) Boyle’s law i.e, PV= constt. 
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(i!) Charnes lawie Pxt 


(iii) Avogadro's law .e., tin =: 
Jv) Grahm s law of dittusion |e. 
oP 
2 pl 


(v) Dalton’'s law of partial pressure i.e., 
P=p1+p2+p3+ 
Degrees cf freedom: The total number of 
co-ordinates or independent quantities 
which must be known in order to describe 
completely the position of an object or the 
state of a system is Known as the 
degrees cf freedom of the object or sys- 
tem. 


Degree of treedom of monoatomic gas: 
Molecule ot a monoatomic yas like neon 
helium argon etc. consists of onty one 
atom. and is capable of only translatory 
motion in tree space. Hence it has three 
degree of freedom permolecule. 


Degrees of freedom of diatomic gas: 
Eacn molecule of diatomic gas e.g. Ho, 
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Cl2, No etc. consists of two atoms so 
diatomic molecule has. 


(i) three degrees of freedom ff it posses- 
. Ses translatory motion only. 

(ii) ftve degrees of treedom if it posses- 
ses translatory and rotational motion 
only and 

(it) six degrees of freedom ff It possesses 
translatory, rotational and vibrational 
motions. 

Law of equipartition of energy: Defines 
that in any dynamical system in thermal 
equilibrium, the total energy ts distribute 
equally amongst all the degrees of 
freedom and the average energy per de- 


gree of treedom per molecule = SAT. 
‘Kinetic Energy of a Molecule 

(i) Monoatomic molecule = 3 x SkT = SkT 

(il) Diatomic molecule = 5 x SKI = 2 KT 


Specific heat of a gas: The specific heat 
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of a matter is defined as the amount of 

heat energy required to raise the 

temperature of unit mass of it through 

unit temperature change. 

Since heat is in form of energy, the S.I. 

unit of heat is joule. 
The SI. unit of specific heat is J kg! K’. 
Molar specific heats of a gas: Two 
specific heats of a gas are 

(\) Specific heat at constant volume 
(Cy) is defined as‘ @ amount of heat 
energy required to aise the tempera- 
ture of 1 g mole of ihe gas through 1 
k when its volume is kept constant. 

(li) Specific heat at constant pressure 
(C,): is defined as the amount of heat 
energy required to raise the tempera- 
ture of 1 mole of the gas through 1 kK 
when its pressure Is kept constant. 

Both C, and Cy, are measured in J 


mole’'«' in Gl. They are called molar 
specific heats. 


Cy is greafer Mian C,: The specific heat at 
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constant pressure ts greater than specific 
heat at constant volume by the thermal 
equivalent of the work done by the con- 
fined gas In expanding against external 
pressure. 


Relation between C, Cy, R and J: 
Cy — C= 5 cal mole” ' KY 


PHYSICS OF THE 
ATOM 


Cathode Rays: ‘Calnode rays are nothing 
but a stream of electrons, shot out ata 
high speed trom the cathode ot dis- 
charge tube ai low pressure. Cathode 
rays are pioduced when the two 
electrodes ot a discharge tube are con- 
nected to a source of high voltage such 
as an inductior. coil and the pressure in 
the tube is less than9.01 mm of mercury. 


Properties ci cathode rays: 


1 Cathode rays are emitted nomnally 
fromthe surnace of the cathode 


2. They travel in straight lines and cast 
shadows ot oostacles in their path. 


3 They produce tivorescence on cer- 
268 
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10. 


tain substance e.g., zinc Sulphide etc. 


. They effect the photographic plate. 
. They possess kinetic energy and 


exert mechanical pressure onobjects 
placed in their path. 


. Cathode rays produce heat when 


they stnke an obstacle. 


. They travel with a velocity of about 


<n the velocity of the light. 


. They are deflected by electric tie'd 


towards the -ve charged plate. This 
proves that cathode rays are nega- 
tively charged particles (electrons). 


_ When cathode rays strike against a 


target of a heavy atomic weight i.e., 
tungsten etc. they produce X-rays. 
They ionise the gas through which 
they pass. 


Positive or canal rays: As the cathode 
particles (electrons) inthe discharge tube 
from the cathode move towards the 
anode, they frequently colloid with 
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neutral atoms of the gas and causes 
ionisation of them. As the gas dung its 
ionisation loses one or more electrons, it 
has a negative charge on it. This + vely 
charged atom or +ve ions is repelled by 
the anode and is acceleratea towards the 
perforated cathode. A few of the + ions 
find their way through the noles in the 
cathode and strike the fluorescent 
screen to produce fluorescences. 


Fig. 
Properties of positive rays: 


Positive rays travel ina straight tine. Posi- 
tive rays affect photographic plates. 
Velocity of + ve rays is less than that of 
cathode rays since - ve ions are much 
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more heavier than the electrons. Positive 
rays are deflected by electric and mag- 
netic fields but their direction of deflection 
will be opposite to the direction in which 
the cathode rays are deflected. Specific 
charge of + ve rays is much smaller than 


the specific charge ni cathode rays. 


Positive rays have pénetrating power, 
they can pass through thin sheets of 
metal /.e. Al. 

Millikan’s oil drop experiment: This 

method is based upon the rate of motion 
of a small oil drop under free fal! due to 
gravity and under the application of 
suitable electric field. 
By adjusting the electric fied suitably, a 
given oil drop can be made to move up 
or down or even kept balanced in the field 
of view for sufficiently long time and a 
senes of observations can be seen. 


3/2 
= 298 | ony; 
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2(p-o)g 
where a is the radius of oil drop, p= 
density of oil, a= density of air, g = 
accelerat'on due to gravity, n= coeffi- 
cient of viscosity of air, E = strength of 
electric field. v; = constant terminal 
velocity. 


Millikan experiment gave the value of 
recy Atomizer 


OR ih ee cose mam at 


Cupric 
“Reverobie 
Chloride switch 


Fig. 
charge on electronas 1.59 x 10° '*coulomb. 


Thomson's atomic model. Sir J.J. Thom- 
son discovered that atom is sphencal in 
shape. 


Every atom has negatively charged par- 
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ticles called electrons and that atom [..'s 
positive charge equal and opposite to that o: 
electrons, the electrons being embedded in 
the positive charge. 


Fig. 

Thomson atomic model ‘t also some- 
times called Thomson's plumpuddinn atomic 
model. Rut there are certain drawbacks 
which are 


(i) Observation made by Thomson that 
number of elect7ons in an atom is 
equal to its atomic weight was wrong. 


(ii) Assumption by Thomson that {| 1ere 
was a uniform distribution of positive 
charge in a sphere of atomic dimen- 
SiON was wrong. 
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(iii) Thomson model could not explain the 
number and distnbution of electrons 
in an atom. 


(iv) Thomson model could not explain 
large angle scattering of a -particles 
by atom as proved by Rutherford. 

Rutherford’s atomic model: Rutherford 

proved that atom has all the positive 
charge concentrated in a very small 
cé. tral region called the nucleus and that 
nucl6éus iS surrounded by negatively 
charged particles called electrons revolv- 
ing in orbits. 
He observed that the force of attraction 
between electrons and “ucleus was 
counter balanced by the centrifugal force 
acting on the revoiving electron. This 
provided stability tc the atom (see fig 
below). The force of attraction (F;) be- 
tween th . electron and nucleus is given 
by 
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where, e= Charge on electron 
Z= Totalnumber of electrons 


r= Radius of orbit in which 
electron is revolving 


V= Velocity of electron 
m = Mass of electron 
€o = Permittivity of free space. 


The cemrifugat force (F2) acting outward- 
lyon the ele.. >is given by 


mv 
F2 = Sr 

Now, Fi=Fy 
_2e_ _mV 

4neor 


Rutherford proved that the large scatter- 
ir-40f particles due to the presence of heav'!y 
criarged positive nucleus. He bombarded a 
thin aluminium foil with a-particles and found 
thata -paricles passing close to nucleus got 
deflected through greater angles. 


This was due to very strong repulsion o 
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‘particles suffered because oat high con- 
centrale posve charge. 


(i) Weoond bot explain the distribution of 
electrons outside the nucleus. 


in) Wo Caulc not explain the stability of 
atom as whore. According to fun- 
damental law of electric magnetic 
theory an accelerated charge must 
emit electro-magnetic energy or 
radiation continuously. The electrons 
therefore moving round the nucleus 
will continuously lose energy and 
finally they will spiral towards 


Alpha Partices 
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nucleous and fall into it when ail the 
rotational energy got spent on radia- 
tions. 


Bohr’s atomic mogel: Neil Bohr observed 
tnat basic features of Rutherfora’s atomic 
model namely presence of nucleus and 
revolving electrons were correct but that 
the electrons revolved round the nucleus 
in certain allowed circular orbits and that 
the electrons did nut radiate ana there- 
fore its energy remained constant. 
However, the electron could jump from 
outer stationary orbit to inne’ orbit and 
while doing so emits radiation equal to 
the difference in energies corresponding 
to the two orbits. 

Tne frequency (f) of the radiations 
emitted ts given by 

F,— Bo=hf 
where £1 and E2 energy of two orbits and 
hts Planck’s constant. 
The frequency (f is also given by the 
relation. 
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Deere | 
Be2h? | nt? = 2? 
Where m = inner orbit 

Mm = outer orbit 


(the electron jumps from outer orbit (n2) 
to inner orbit (m) ) m= mass of electron, 
2 = number of electrons, e = charge on 
electron, h = Plank's constant, & = per- 


mittivity of free space = 8.85 x 10°" 
Farad/metre. 


Bohr proved that the angular momentum 
(moment of momentum) of an electron is. 


h 
an integral multiple of On 


Angular momentum = mvr 
mvr = me 
Qn 
where ™ = mass of electron, 
r= fadius of stationary orbit 
v = velocity of electron, 


h= Planck's constant, 
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n= 1,2,3 .....a whole number integer. 


Atomic Spectrum: A group of wavelength 
of radiations are emitted by an atom 
when its electron move from higher orbits 
to lower orbits. This group of 
wavelengths is known as atomic 
spectrum. 


Normal and excited atom: Atom is said to 
be in normal or ground state when all the 
electrons in an atom have the lowest 
possible energy whereas an atom is 
called excited atom when one or more 
electrons possess energy more than in 
the ground State. 


Energy level diagram of hydrogen atom: 
According to the theory of Bohr the ener- 
gy (E,) an electron revolving in the 8th 
orbit is given by 


= mize 

Sebr7 tH? 
The energy of an electron of hydrogen 
atom is calculated as follows :- 


En 
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mZe4 
E, = - _2= 1 for hydrogen atom 
ahrPhe ee 
c= me‘ 
Bearer 


7 (9.1 x 10° $) (1.6 x 10'%)4 
Sa Le AREER FH BR EPPO TENIIOR. 9] 
8 (8.54 x 10'%)* rf (6.62 x 10° *4) 


~19 
__ 2.1710 Aoulas 


rv 
217x10 '9 
(1.6 x 10°‘)? 
ov - _ 13.6eV 
where e'/= Electron vok and 1 eV 
=16x 10° '® Joules 


when n= 1, EF, =- 13.6 eV 
n=2, F—,=-3.4 eV 
n= 3, E,=- 1.51 eV 
N= oe E.=0 eV 
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Fig. 

Hydrogen series: consists of group of 
radiations emitted by a hydrogen atom 
whose wave lengths could be repre- 
sented by a simple formula—as 

Balmer series: |n Balmer series the wave- 
length of group of radiations emitted by a 
hydrogen atom was given by 
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1 1 #1 
eo) ee 
d E 7 | 
where rn is an integer whose value is 


greater than 2. 

Lyman series: In lyman series the 
wavelength (A) of croup of radiations 
emitted by a hydrogen atom was given by 

1 1 1 
=< -A|—=— 
h-|P 
where A = Rydberg’s constant 
nis an integer whose value is greater 
than 1. 


Bracket series: |n this series the 
wavelength was given by 


1 1 1 
where rn is an integer whose value is 
greater than 4. 
Paschen series: In this series the 


wavelength of group of radiations 
emitted by hydrogen atom was given by 
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1 1 1 
eA 3 


where nis an integer whose value is 
more than 3. 


P-Fund series: in this series the 
wavelength of group of radiation emitted 
by a hydrogen atom was given by 


1 1 #1 

aids (eae 
where nis an integer whose value is 
greater than 5. 


Vector atomic model: is the latest atomic 
model of today and it considers the prin- 
cipal quamised terms as vectors. 

Concepts of vector mode!: The two main 
concept of vector atomic model are as 
follows: (A) Spinning of electrons (B) 
Spatial electron motion. 

(A) Spinning of electrons: Sommerteld’s 
atomic model could not explain the 
presence of several lines in the spectrum 
of complex atoms like argon etc. in 1925 
Geroge Uhlenbeck proposed that 
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electrons spin about thetr own axis and 
these electrons have two types of motion 
namely orbital motion and spin motion. 
Due to the electron spin many additional 
energy states are possible in an atom 
which explains the super fine structure. 


(B) Spatial electron motion: It is tound 


that when an electron is placed in an 
electric or magnetic field several new 
lines are created in addition to super tine 
Structure. [his ts due to the fact that on 
the application of electnc or magnetic 
tteld addnional planes of electron orbits 
are Created and the orbiting of electrons 
round the nucleus in these different 
planes ts responsible fur the presence of 
additional lines in (the spectruin 


Quantum Numbers: They cormpletely 


specify the state of an electron within’ an 
atom. There are tour quantum numbers. 


Principal or Total Quantum Number (n). 


This quantum number is identical with 
that ised in Bohr Sornmer feild theory. tt 
can have only non Zero positive integral 
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values 
i.e., OH 1; 2.3 sks 4,00 
In quantises the principal orbits. 


It controls the size of electron orbits and 
also controls the electron energy. The ener- 
gy levels or shells of electrons are denoted 
by means of capital letters as indicated. 


Total Quantum Atomic shell 


No. 


Azimuthal Quantum Number: (\). It states 
that ine shape of electron orbits as well 
as the orbital anquiar momentum of the 
electron. The orbitai ana :lar momentum 
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(p} of an electron is given by 
pl=vi(l+ 1) an where fh is Planck's 


constant. It can have values of 
0,1,2,3...(1). Each value refers to an 
energy sub-shell. The second principal 
sub-shell or L shell will have two sub- 
shells. With two values of azimuthal 
quantum number (/), they are designated 
as follow ; 

S-sub-shell when /=0O, P-sub-shellwhen 
lot, 

The relation between /, n, aand O's as 
follows: 

b l+k : 

= a whefe a and Db represents the 
lengths of semi-major and semi-minor 
axis of the ellipse. 


Magnetic orbital quantum number: (mi. 


It is due to the quantization of the direc- 
tion of orbital angular momentum and 
determines the exact onentation of the 
electron orbit in space. It can have values 


‘ 


from / to - /atunity intervals fe., 4/1, 2, 


Physics of the Atom 287 


wee 10-1.,...(F 1), -/Le., allintegral values 
between Oto + 1. 

Magnetic spin quantum number: (ms). 
This number is due to the orientation of 
the spin angular momentum and deter- 
mines the spin orientation of the 
electrons about their own axis. It can 


1 
have only two values 2 and — 5 


Pauli’s exclusion principle: States that 
no two electrons in an atom can exist in 
an identical values for four quantum 
numbers. This principle is used to deter- 
mine the maximum number of electrons 
in main shell and its orbitals. 

Electronic configuration: is the distribu- 
tions of electrons in orbits and orbitals 
around the nucleus of an atom. 

X-rays: When fast moving electrons 
(cathode rays) fall on a target of high 
atomic weight, X-rays are produced. 
Only 1% of energy of the incident 
electrons appears as X-rays, the remain- 
ing appears as heat. 
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X-rays are electromagnetic radiations of 
very short wave lengths varying about 


0.02 A.uto 100 A.u(1 A.u=10 ' m). 


Production of X-rays: The modem type of 
X-ray tube consists of highly evacuated 
hard glass bulb containing a cathode and 
anode. The electrons are emitted by the 
process of thermionic emission from the 
cathode. 

Origin of characteristic X-rays: \f the 
electron of orbit K (inner most orbit) is 
knocked out by fastmoving electron and 
the knocked ui electron then it is 
replaced by jumping of an electron from 
the higher orbits giving rise to K series of 
the lines of spectrum. The jumping of the 
electrons from n=2, 3, 4 etc to n= 1 gives 
nse to X-ray called Ko, Kg, Ky, etc. radia- 
tions. 

Origin of continuous X-rays: The ongin 
of the continuous X-ray spectrum emitted 
by the target is the slowing down of high 
speed electrons as they pass close to the 
nuclei of atoms inside the target of the 
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X-rays. 

As high speed electron passes through 
the atom, it is attracted by the +ve charge 
of the nucleus and so it is deflected in its 
path and emits a photon (hv) of frequen- 
cy v. This frequency vlies in the X-ray 
region. 

Mosley law: showed that the frequency of 
these radiations is directty proportional to 
the square of the atomic number, given by 

V= RZ 
where vis the frequency, Fis a constant 
and Z is the atomic number. The graph 
between Vv and Zis a straight line. 


K 
Y 
Atomic Number, Z——e 


Fig. 


Frequency, v —e 
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Bragg’s law: Proved that for a given X-ray 
diffraction by regularity spaced atomic 
centres in a set of parallel planes with 
interplaner spacing d, and using 
homogeneous radiation of wavelength 
A, reinforcement would occur only at 
those angles which satisfy the relation 

nh = 2d sine 
where n is called the order and is an 
integer, and @ being the glancing angle 
or angle of incidence, or angle of reflec- 
tion of diffacted beam. 


Incident Bean Diffracted Bean 
8 8 

d Atomic 

planes 


Fig. 
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Bragg’s X-ray spectrometer: |n this ap- 
paratus X-rays are first narrowed down 
to a fine line by means of two slits A and 
B. This fine line of X-ray is incident on a_ 
crystal C atan angle 6. Then the reflected 
X-rays pass through a detector D. Now, 
the direction of incident X-ray and posi- 
tion of Director is kept fixed then the 
crystal mounted on a turn table is rotated 
about its central axis and angle 6 is 
recorded. The relation between d (inter 
planar spacing), A (the wave length of 
X-rays) and 6 (the angle of the reflected 
X-rays) is given by Bragg’s law as 


Tonischi | 
chamber 
Fig. 
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Where nis the order of spectrum. Thus 
knowing the value of @ and order of 
spectrum nthe wavelength of X-rays can 
easily be obtained (d is known for a par- 


~ ticular crystal C). 
Photoelectric effect: itis the phenomenon 


of the emission of electrons by metals 
when exposed fo electromagnetic radia- 
tions such as ultraviolet, X-rays gamma- 
rays, visible and infra-red light. 

The electrons ejected in this manner are 
called photoelectrons because they are 
liberated by means of light. 


Demonstration of photo electric effect: 


The apparatus used for this demonstra- 
tion consists of an avacuated quartz 
tube, a metallic plate used as anode (A) 
and a photo-sensitive plate used as 
cathode (C). A galvanometer is used in 
the circuit to record the current when a 
light of suitable wavelength from a 
source is made to fall on the cathode. 

Current starts flowing as indicated by the 
deflection of the gatvanometer. This is 
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due to the light when ft is made to fall on 
cathode and electrons are emitted from 
the cathode. These electrons are called 
photo electrons. These electrons are at- 
tracted by anode and current starts flow- 
ing. & 


Photo Sensitive Evacuted Glass 
- Plate Tube 


Einstein's photoelectric equation: 
Einstein proves that when a single 
photon is incident on a metal surface, i 
is completely absorbed and imparts Its 
energy hy. to a single electron. The 
photon energy ts utalised for two pur- 
poses: 

(l) Partly tor getting the electron free 
trom the atom and away from the 
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metal surface. This energy is known 
as the photoelectric work function of 
the metal and is represented by Wo 


(ii) The balance of the photon energy is 
used up in giving the electron a kinetic 


energy of smv. 


hv= Wo + amv = hy= he +5 mv 


where Vo is called the threshold fre- 
quency. 


De Broglie waves. De Broglie made a 
suggestion that matter like radiations has 
dual nature ‘ie. molecules, atoms, 
electrons and protons, might exhibit 
wave like properties under certain condi- 
tions. So, the matter behaves as particle 
under certain conditions and as waves in 
other circumstances. 


The relation between the wavelengths A 
of matter waves and the momentum (/m/ 


cana h 
of matter is given by A = a 
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where m is the mass of the particle 
moving with a velocity v. This is known 
as de Broglie wave motion. 

Electron microscope. The limited resolu- 

tion of optical microscope can be ex- 
tended by electron microscope. Hence 
magnification is also increased tremen- 
dously. 
In electron microscope, a fine beam of 
electron is used in place of light as in 
optical microscope. The focussing of 
electron beam is done by electromag- 
netic lenses. The principle of image for- 
mation is the same as in the optical 
microscope is shown in figure below. 


~'f- Apes 

bie Condenser lens 
+ Object 
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Fig. 


SOUND 


Sound waves: When a body vibrates in 
air, it forces the particles of air to vibrate. 
This produces longitudinal waves which 
are also called sound waves. 


A distu‘bance that moves through matter 
is called mechanical wave. Sound waves 
are mechanical waves. Since the proper- 
tles of sound waves depend upon the 
elastic properties of the medium, sound 
waves are also known as elastic waves. 
Sound waves require: Sound waves can 
travel through solids, liquids and gases. 
But can not travel in vaccum. 
The velocity of sound depends upon the 
density, elasticty and temperature of the 
medium. The velocity of sound in alr at 0°C 
is 332 mvs, whereas as 20°C tt is 343 m/s. 


296 


Sound 297 


The velocity of sound is maximum in 
solids and minimum in gases. The 
velocity of sound at room temperature Is 
nearty 5000 m/s in iron. 


Velocity of light is about 3 x 10° m/s in 
alr which is approximately 10° times that 
_of sound. This fs the reason why we see 
aftlash of lighting much before the sound, 
of thunder. 

Sources of sound: When any thing 
vibrates In air are (1) loudness (2) pitch 
(3) quality. 

The loudness of sound depends upon 
the amplitude of the wave-greater the 
amplitude louder the sound. 

Pitch: The property by virtue of which two 

sounds of same loudness can be distin- 
guished is called pitch. 
It is the property which tells whether a 
sound Is sharp, dull or acute. The pitch 
of sound is determined by the trequency 
of the vibrating body producing sound. 


Quality: The property by virtue ot which we 
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differentiate between notes of same 
loudness and pitch is called quality. This 
depends upon the number of overtones 
or harmonics present in the note. 


Audible range: Sound waves in the fre- 
quency range 20 Hz to 20,000 Hz which 
produces the sensation of hearing is 
called the audible range. 

Ultrasonic waves: Waves with frequen- 
cies above the audible range are called 
ultrasonic waves. Waves with frequency 
above 20,000 Hz is ultrasonic wave. 


Infrasonic waves: \nfrasonic waves are 
the waves with frequencies below 
audible range /.e., less than 20 Hz. In- 
frasonic waves are usually produced by 
large sources. Waves originating from 
earth quakes are example of infrasonic 
waves. It is said that audible frequency 
range of dogs is 15 Hz to 50,000 Hz. 

Factors of the velocity of sound 
depends: The velocity of sound 
depends on density, elasticity and 
temperature. If the density of the gas is 
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increased the velocity of sound in it 
decreases. The velocity of sound in air 
increases on raising the temperature. 
Sound travels faster in humid air and 
Slower in dry air. 

Human ear: The car can be divided into 
three main parts. (i) The outer ear is the 
part outside the head. It receives sound 


Hammer Anvil! 
stitniny | Middle Ear 
Inner ear 
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/ 
Outer Auditory 
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Auprrory 


canal tuse link to throat 


Fig. 
waves. The waves pass through a little 
tunnel, called auditory canal, to the ear 
drum. The ear drum is a circular 
membrane about 0-01 cm thick. When 
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the sound wave strike the ear drum, it 
vibrates. These vibrations are passed on 
to the three tiny bones in the (Il) middle 
ear called the hammer, anvil and stirrup, 
intum. The function of these bones Is to 
increase the amplitude of vibrations 
produced by the ear drum. The stirrup 
finality passes these vibrations to the liq- 
uld in the (iil) inner ear. 

These vibration press upon certain tis- 
sues called organs of corti. These organs 
change the pressure Into nerve impul- 
ses. Th. impulses are Camiedto the brain © 
by auditory nerve. The brain ther. :nter- 
cepts these impulses as sound. 


Free vibrations: The vbrations of a body 


when it vibrates with its own natural fre- 
quency are known as free vibrations. 


Force vibrations: When a body Als torced 


to vibrate with a frequency, different from 
its own natural frequency, by the vibra- 
tions coming from another body 8B, the 
vibrations of body A are Called forced vibra- 
tlons. The frequency of the forced vibrations 
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is equal to the frequency of the body B. 

Resonance: When a body is set into vibra- 
tions by an external periodic force whose 
frequency is equal to the natural frequen- 
cy of the body, the amplitude of vibration 
increases at each step and becomes 
large. Such vibrations are called the 
resonate vibrations and the 
phenomenon as resonance. 

Condition for Resonance: Because the 
sound has to travel down, the tube and 
back during one half vibration of the 
Prong, the length of the air column for 
resonance must be one fourth of the 
wavelength of the sound emitted by the 
tuning fork. 


If the tength of air column is increased by 


etc. where A is the wave length of sound 
in air, we will again obtain resonance in 
each case. 


ELECTRICITY 


Positively and negatively charged 
bodies: The nucleus of the atom carry 
positive charge and the surrounding 
electrons carry an equal amount Of nega- 
tive charge, so that ordinarily each atom 
is electrically neutral. The electrons sur- 
rounding the nucleus are loosely bound 
toit, hence, be easily removed by friction. 


When ebonite rod is rubbed with fur, 
some electrons are transferred from fur 
to the ebonite rod. Due to deficit of 
electrons, fur becomes positively 
charged and due to excess of electrons 
the ebonite rod gets negatively charged. 
Like charges repel each other and unlike 
Charges attract each other. 


Electric induction: When an insulated 
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charged body is brought near an insu- 
lated neutral conductor, the near end of 
the conductor acquires opposite charge 
and the far end acquires similar charge. 
This is known as electric induction. 
.Charging a body by induction: Suppose 
a conductor ABis mounted on an insulat- 
ing stand as shown below. Bring a posi- 
tively charged glass rod near it, the 
negative charge in the conductor is at- 
tracted towards the glass rod while the 
positive charge is repelled. Thus the near 
end Aof the conductor acquires negative 
charge and its far end Bacquires positive 
charge. When the positively charged rod 
is removed, the conductor again be- 
comes electrically neutral. 
This shows that during induction equal 
and opposite charges are induced at the 
two ends of the conductor. Holding the 
positively charged rod near the conduc- 
tor, if the far end is connected to earth 
with a connecting wire, as shown in Fig- 
ure (B), the positively charge passes on 
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the earth as shown in fia. (C). Now if we 
first remove the connecting wire and then 
the charged rod, the negative charge 


spreads on the whole conductor as 
shown in Figure (dQ). 


Insulator 


Glass rod 


(d) 
ic) Fig. 
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Principle of conservation of charge: Ac- 
cording to this principle the total amount 
of electric charge is conserved. It can 
neither be created nor destroyed. During 
electrification by friction, the process of 
rubbing does not create electric charges. 
Only the transfer of negative charge take 
place from one substance to another. 
The substance which losses negative 
charge becomes positively charged and 
the other which gains negative charge 
becomes negatively charged. 

Conductors: The substances in which 
electric charges flow easily are called 
conductors, sifver, aluminium, copper, 
graphite, human body etc. are gocd con- 
ductors of electricity. 

insulatora: The substances in which 
electric charges do not flow easily are 
called insulators. Glass, wood, ebonite, 
sulphur, dry air, distilled water etc. are 
good insulators. 


Coulomb's Law: deals with the force of 
attraction or repulsion between station- 
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ary charges, the charges at rest. Accord- 
ing to his law, the force of attraction or 
repulsion acting between two point char- 
ges |S (i) directly proportional to the 
product of the magnitudes of the charges 
and (ii) inversely proportional to the 
square of the distance between them. If 
two point charges q: and q2 are 
separated by distance rin vacuum, then 
force acting between them is given by 


F  QhQe 


1 
Fx 
f 


Prd: 
F= 
sr 


ay a2 
where «is a constant of proportionality. 


In S.l. units charge is measured in 
coulomb’s, the force in Newton's (N) dis- 
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tance in meters (m) the value of k when the 
charges are situated in vacuum or air is 
9 x 10° N.m?/C? 

For charges in any other medium, 


F=9x 197A 
kf 
where the constant kis called dielectric con- 
stant of the medium, k = 1 for air k = 6 for 
mica and k= 81 for water. 

Coulomb charge is that charge which 
would repel an equal and similar charge 
placed at a distance of one meter from it in 
vacuum or air with a force of 9 x 10° N. 

Principle of superposition: According to 
this principle the force on a charge at any 

_ point due to number of other charges is 
the vector sum of the forces which would 
be exerted by the individual charges on 
the charge at that point. Consider three 
bodies carrying charges q;, G2 amd q3zas 
shown in Figure. 

To calculate the force on charge q; ex- 
erted by q2 and qs, using coulbom's law, we 
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Fig. 
first calculate the force on qr Cue to G2 when 
Qs is far away. Then we take gz away and. 
bring qs in its original position and determine 
the force on q;. According to principle of 
super-position the net force exerted by char- 
ges qz2and qQ3 On q is the vector sum of the 
forces independently exerted by q. and qon 
a le., 
Fits Fier i3 
Electric field: Tne space around a charged 
body within which it can exert a force on 
another charged body, is its electric field. 
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Electric fleldintensity: The intensity of the 
electric field at a point is defined as the 
force experienced by a unit positive 
charge when placed at that point. Ifa 
smaii test charge qp experiences a force 
F at in an point an electric field, then the 
imensity E of the electric field at that point 


ls given by, E= = The direction of the 


electric intensity Is that of the force on the 
unit positve charge. The S.J. unit of 
electric intensity is Newton per 
Coulomb (N/C). It Is a vector quantity 
and has the same direction as that of the 
force on a unk positive charge. | 
Electric lines of force. The path traced by 
a test charge free to move under the effect 
of an electric field Is called a line of force. 
The line of force fs a curve so drawn that 
a tangent to it at any point gives the 
direction of the resultant electric field at 
that point. 
Properties of electric lines of force: 


(i) A line of force starts from a positive 
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charge and ends on a negative 
charge. 


(ii) No two lines of force cross each other 


(iii) Aline of force Is always nonnal to the 
Surface of the conductor. 


(iv) The lines of force do not pass into a 
closed conductor 


(v) The lines of force contract lengthwise 
and expand side wise 
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(vi) The direction of force is given by the 
direction in which a free positive 
charge tends to move. 

Electric potential Electric potential plays 
the same role in the flow of charge as is 
played by the level in the flow of water. 
The direction of flow of charge depends 
on the potential of the two charged 
bodies. Charge flows from a body at 


Seg) 


Fig. 
higher potential to a body at comparative- 
ly lower potential. Thus electric potential 
is that electrical condition which deter- 
mines the direction of flow of charge. 


The electric potential at a point in an 
electric field is measured by the amount 
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of work done in taking a unit +ve charge 
from infinity to that point against electric 
forces. 


Unit of potential: The unit of potential is 
volt. The potential at a point is 1 volt it 1 
Joule of work is done in bringing 1 
coulomb of +ve charge from infinity to 
that point. Electric potential is a scalar 
quantity. 


Potential difference: The potential dif- 
terence between two points in an electric 
fleld is defined as the amount of work 
done in moving a unit positive charge 
from one point to the other. 


If W amount of work Is required to move 
a charge Q from one point to another In 
the electric field, then the potential dif- 
ference between the two points Is given 


by V= or W= QV. The S.I. unit of 
potential difference ts volt. 


Electric current is defined as the rate of 
tlow of charge through any section of a 
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conductor. If a charge Qpasses through 
any section of a conductor in time ¢, then 
the current flowing through it is given by, 


7 2 The unit of current is ampere. 


Relation between electric charge, time 
and electric current. Electric current 


D= charge (Q) 
= time (0 


Ampere: When one coulomb of charge 
flows through any section of a conductor 
in one second, the current flowing 


through said to be one ampere. 
emnek 1 coulomb 
pere = second 


Electric circuit: The closed path along 
which an electric current flows is called 
an electric circuit. 


Electric resistance: The electric resis- 

tance of a conductor is the property of the 
conductor by virtue of which it opposes 
the flow of current through ft. | 
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Resistance (A) = Potential difference 


Current (/) 


The S.1. unit of resistance is ohm (symbol 
Q). If V=1 volt, /= 1 ampere then R = 1ohm. 
Hence, a conductor has a resistance of 1 
ohm if a current of 1 ampere flows through it 
when a potential difference of 1 volt is ap- 
plied between its two ends. 


Effect of temperature on resistance: The 
resistance of a conductor increases with 
the nse of temperature while in case of 
semi-conductors the resistance 
decreases with temperature. 


Ohm's Law: This law states that the cur- 
rent passing through a conductor is 
directly proportional to the potential dif- 
ference across its ends provided the 
temperature and other physical condi- 
tions remained unchanged. !f ! be the 
current passing through a conductor with 
a potential difference V across its ends, 
then ohm’s law can be expressed as 


Vex | 
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V= Al or R=+ 


Figure shows the experimental verifica- 
tion of ohm’s law. The current in the 
Circuit is varied by adjusting rmheostate Rh 
and the corresponding readings of 


Fig. 
voltmeter and ammeter is noted. If a 
graph is plotted between the potential 
difference (V) and current (1), it will found 
to be a Straight line showing that V «/ 


This verifies ohm’s law. 


Limitations of ohm’s law: 


(i) Only small current should be allowed 
to flow through the circuit so that 
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temperature should remain constant. 


(ii) The conductor should not be sub- 
jected to any kind of stress or strain 


ortension. 
y-Axis 
Ee 
@® 
= 
= X-Axis 
O 
Potential Difference (V) 
Fig. 

Symbols used in circuit diagrams: 
Cell Galvanometer 
Battery of cells Ammeter 
Switch Voltmeter 


Open key plug Voltameter 
A closed key plug An electric bulb 
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Reverse switch § One wire crossing 


another 
Resistor Wires joined 
Rheostat 
(Variable Resistance) 


Resistors in series: When a number of 
conductors connected end to end so that 
the same current passes through each 
conductor, they are said to be connected 
in series. R= Ay + Ro + Ay 


R; Ro R3 


Fig. 
When a number of resistors are con- 
nected in series, the equivalent resis- 
tance (A) of the combination of resistors 
is equa! to the sum of the individual resis- 
tances of the resistors. 
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Resistors in parallel: Wnen a number of 
conductors (resistors) are connected in 
such a way that one terminal of each 
conductor is connected at one common 


V 
1} 
ig. 
point A and similarly other terminal of 
each conductor is connected at the 


another common point, B, then they are 
Said to be connected in paraliel. 


1 1 1 1 


AR, Fe” Re 

When a number of resistors are con- 
nected in parallel the reciprocal of the 
equivalent resistance of the combination 
is equal to the sum of the reciprocal of 
the individual resistances of the resistors. 
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This is also known as law of resistances 

in parallel. 

Specific resistance: The resistance of a 
conductor depends upon its length, 
cross-sectional area and temperature of 
the conductor. It was shown by Ohm that 
the resistance of a conductor at constant 
temperature obeyed the following two 
laws: 

(i) Law of length. The resistance of 
given conducior or wire of certain 
Cross-Section area is directly propor- 
tional to its length of a conductor, 
greater is its resistance. 

(ii) Law of thickness. The resistance of a 
given conductor or wire of certain 
length is inversely proportional to its 
Cross-sectional area i.e., thinner is 
the conductor or wire greater is its 
resistance. 

If the resistance of a wire of length 1 and 

cross-section area a is R, then from the 

law of length 


Fix | where ‘a’ is constant 
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and law of thickness 
R x : where ‘I’ is constant 
Combining the two laws we get 
1 1 
oc f = 
R ; or R - 


ifa=1,l=1thenp=R 

Specific resistance or resistivity: of a 
material is the resistance of a conductor 
made of that material of unit length and 
unit area of cross-section. 


Heating effect of current: Whenever 
electric current passes through a con- 
ductor, the part of the electrical energy is 
converted into heat energy because the 
resistance is Offered by the conductor to 
the flow of current similar to the production 
of heat when a body moves against fric- 
tion. 

Joule’s law of heating: Joule found that 
the amount of heat H produced in a con- 
ductor is directly proportional to the fol- 
lowing factors 
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(i) Square of current | flowing through 
the conductor 
(ii) Resistance R of the conductor and 
(iii) Time tfor which the current flows. 


Ho 17 At this relation is called Joule’s 
law 


H«= Fat (in calones) and J= 4.12 


Electric power: The electric power of an 
appliance is defined as the rate of con- 
sumption ot electric energy or as its rate 
of doing work. 


p= “ where W is the electnc work done 


in time f¢ 
W= Prt». \xP=“!=PR= VI 
(. V=IR) 
The S.1. unit of power is watt, | watt 


_ 1 joule 
second 
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or 1 joule = 1 watt. The commercial unit 
of electric energy is kilowatt hour. 


1 kilowatt hour 


= 1000 J/s x 3600 s = 3-6 x 10°U. 


Simple voltaic cell: An electrical cell is a 
device in which chemical energy is con- 
verted into electrical energy. This electn- 
cal energy is then used to derive an 
electric current througha circuit. A simple 
form of an electric cell was designed for 
the first time by an Italian scientist named 
Volta in 1794 and after his name this cell 
is known as simple voltaic cell. 


It consists of two plates, one of copper 
and the other of zinc both dipped in a 
vessel containing dilute sulphuric acid. 
These plates are separated from each 
other as shown in Fig. These metallic 
plates are called electrodes. The copper 
plate is called the positive electrode 
whereas zinc plate is called the negative 
electrode. The liquid (dilute H2SOx.) is 
called the electrolyte. The two plates 
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have finding screws at their top which 
help in connecting the two electrodes by 
means of wire. When these two 
electrodes are joined by means of a cop- 
per wire, an electric current (convention- 
al) flows from copper to zinc outside the 
vesse! and from zinc to copper inside the 
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vessel as shown in Fig. This shows that 
copper plate is at a higher potential than 
zinc plate. 


Theory of the Voltaic Cell: When copper 
and zinc plates are connected by a wire, 
zinc slowly starts dissolving in sulphuric 
acid and the bubbles of hydrogen are ~ 
formed on the copper plate. At the same 
time electrons flow through the wire from 
zinc to the copper as shown in Fig. It may 
be noted here that the direction of the 
conventional current is oposite to the 
direction of the electronic current, we 
know that the flow of charges from one 
point to another point takes places only 
when there exists a potential difference 
between the two points. 


Electrolysis:Water in its pure form is a bad 
conductor of electricity and so is the case 
with most of the liquids. The solutions of 
acids, basis and salts are however, good 
conductors of electricity. These solutions 
undergoa chemical decomposition when 
electricity passes through them. For ex- 
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ample, when an electric current is 
passed through acidulated water (i.e. the 
water in which acid has been added), it 
gets decomposed into oxygen and 
hydrogen. Bubbles of hydrogen gas are 
given off from the solution where the 
current enters the solution and oxygen 
bubbles appear at the point where the 
current leaves the solution. The process 
of decomposition of a substance by the 
passage of electric current through it is 
known as electrolysis. The substances 
which under go chemical decomposition 
due to the passage of current through 
them are known as electrolytes. In the 
above example acidulated water is 
electrolyte. Electrotytes are mostly in the 
form of liquids. 

Electroplating: One of the most important 
practical application of electrolysis is 
electroplating. This is the process by 
which a thin coating of any desired metal 
can be deposited on another metallic 
object. The articles of iron which easily 
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Fig. 
gets rusted or of brass which corrode in 
air, are given a thin coating of nickel or 
chromium. Nickel and chromium are the 
metals which do not rust or corrode. 
Cheap ornaments or metals etc are gold- 
plated or silver plated to make them at- 
tractive. To understand how electro- 
plating is done, let us consider below 
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example of copper plating of a metal 
object. 

The electrolyte used in copper plating is 
a solution of copper sulphate which is 
slightly acidified (i.e. a small quantity of 
acid is mixed in it). The object which is to 
be copper plated is dipped in the 
electrolyte and is made cathode as 
shown in Fig. A rod of pure copper is 
made the anode. The solution contains 


both copperions (Cu**) and sulphate ions 
(SO4—). On the passage of electric cur- 


rent through the electrolyte Cu™ ions are 
transported to the cathode. On the 


cathode (Cu™) neutralise their positive 
charge and layer of copper gets 
deposited on it. 

The sulphate ions (SOs.—) are drawn 
toward the anode. At anode S Q— 
neutralise their charge, react with the 
copper and produce copper sulphate. 
Thus we see that copper is effectively 
removed from the anode and deposited 
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on the cathode. This ts how copper-plat- 
ing is done. The same type of process is 
used for silver, nickel and chromium plat- 
ing of metal objects. 


Magnet:A substance which possesses the 
property of attracting small pieces of iron 
such as Iron fillings, paper clips hair pins 
etc. and sets itself in Nortn-South direc- 
tlan when suspended freely is called a 
magnet. 


Magnetism: The phenomenon by which 
this attraction takes place is called mag- 
netism. 


Types of magnets: Magnets are of two 
types: 
(1) Natural magnet (2) Artiicial magnet. 
(1) The iron ores obtained trom the 
mines and having the property of at- 


tracting ironpieces are called natural- 
magnets. 


(2) Those magnets which are created by 
artificial means are called artificial 
magnets. 
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Poles of a magnet: The attracting power 
ot amagnet appears to be concentrated 
" at definite regions near the ends and 
these regions are called poles. It should 
be noted that pole of a magnet is aregion 


Fig. 
and not a definite point, but for the pur- 
pose of calculations, is generally as- 
sumed to be located at a point near the 
end of a magnet. 


North and South Pole: The pole which 
points towards north is called the north 
pole (N-pole) and the pole pointing 
towards south pole is called south pole 
(S-pole). 


Magnetic axis: The imaginary line passing 
through the north (Ny) and south (S) poles 
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Fig. 
of a magnet is called the magnetic axis 
is amagnet. 

Magnetic equator: A line which is perpen- 
dicular bisector of the line joining the two 
poies is called magnetic equator of the 
magnet. 


Magnetic length: The distance between 
the two poles of a magnet is called its 
magnetic length. It is smaller than its 
geometrical jength because the poles 
are not situated exactly at the ends but 
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are Situated near the ends a little inside 
the magnet. 


Properties of a magnet: 


(i) A magnet attracts small pieces of 
iron. 
(ii) It sets tsett in North-south direction 
when pivoted or suspended freely. 
(ili) The poles of a magnet always occur 
in pairs. 


ae: 
CS, Ss 
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Fig. On breaking a bar magnet each com- 
ponent developes a pair of poles. 
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(iv) Like poles repel and unlike pole at- 
tract. 

Magnetic field: The space around a mag- 
net in which its influence is telt is called 
the magnetic field. 

Magnetic induction: A magnet possesses 
the property of inducing magnetism into 
some other substances (made of certain 
materials) placed near it even without 
touching it. This property of a magnet to 
induca magnetism into other magnetic 
materials is called magnetic induction. 

Properties of lines of force: 


(i) Lines of force start from North pole 
and end on South pole in the mag- 
netic in the magnetic field. But inside 
the magnet the directionis trom south 
to north. 

(ii) Two lines of force never intersect 
each other. 

(iii) Magnetic lines of force are crowded. 
together near the poles where the 
field is strongest and are spread out 
further away where the field is 
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? \ 


<=) 


Fig. 
weaker. 


(iv) Magnetic lines of torce tend to con- 


(v 


— 


tract longitudinally /.e. they tend to 
shorten in length. The longitudinal 
contracticn of the magnetic lines of 
force accounts for the attraction be- 
tween unlike poles, for it would pull 
the unlike poles together. 


Magnetic lines of force proceeding in 
the same direction to repel each other 
laterally at right angles to their 
lengths. This lateral repulsion ac- 
counts for the repulsion between like 
poles, for it would push the like poles 
apart. 
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Fig. Magnetic lines of force due to a bar 


magnet. 
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Fig. Magnetic lines of force due to two un- 
like poles placed close to each other. 
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Fig. Magnetic lines of force due to a 
uniform magnetic field. 


Fig. Magnetic lines of force due to two 


like poles placed close to each other. 
Magnetic effect of an electric current: 

Oersted discovered that when an electric 

current is passed through a conductor of 
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any shape, there is a magnetic field 
around it. This is called the magnetic 
effect of the electric current. 

Right Hand Rule for the direction of the 
magnetic field due to current: Hold the 
wire a ce2rrying electric current in the 
right-hand so that the thumb points in the 
direction of the current; then the direction 
in which the fingers give the direction of 
the magnetic lines of force. 

Magnetic lines of force due to straight 
wire carrying current: Look at the Fig- 
ure (a), (b), (c) and (d). The direction of 
magnetic lines of force can be' found out 
by applying “Right hand rule.” 


Direction of 
current 


(a) 
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Direction of 
current 


(b) 


é 


(¢) Current directed (d) Current directed 
away from the Towards an — 
obsetver observer 
Fig. 
Magnetic lines of force: The field in a 
plane perpendicular to the coil passing it 
centre is as shown in Figure and is similar 
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to that due to a short bar magnet. The 
lines of force around and near the points 
where the wire passes through the 
cardboard are almost circular, their direc- 
tion being given by right hand rule. 

Over a small region at the centre of the 
circular coil the lines of force are straight; 
parallel to themselves and perpendicular 
to the plane of the coil. The magnetic field 
at the centre of a circular coil carrying 
current is uniform and perpendicular to 
the plane of the coil. 


S./. unit of magnetic field: \t is Tesla (T). 


Magnetic field is usually denoted by B. 
Oersted is the C.G.S_ unit of magnetic 
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field. Oersted is also called Gauss. 
1 Gauss = 10°‘ T 

Expression for magnetic field at a 
point distance r from an infinitely long 
straight conductor carrying current l. 

_ Hol 
ca 2nr 
where {Jo is a constant and is called the 
permeability of vacuum and its value is 
4x x 10°? Tm/A. 


Fleming's Left Hand Rule. For this extend 
the thumb, middle finger and fore 


is 
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finger of the left hand so that all three are 
mutually perpendicular to one another. 
Point fore finger in the direction of the: 
field, the middle finger in the direction of 
the current and the thumb points in the 
direction of the force exerted on the 
conductor. 


A straight conductor of the length /carry- 
ing a current /placed perpendicular to a 
magnetic field of strength B experiences 
a force F given by 
F = Bil 

Cyclotron: The cyclotron is a machine 
used to accelerate the charged particles. 
its principle is based upon the motion of 
charged particles is a magnetic field. 
When a moving charged particie enters 
a magnetic field which is perpendicular to 
both its velocity and the field. Thus it is 
deflected from its path. If the field is 
uniform and the particle move ina plane 
normal! to its path, become circular. The 
radius of the path depends upon the 
velocity of the particle /.@., the radius of 
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the circle being larger for higher ener- 
gies. 


Van Alen radiation belt: Avast zone inthe 
equitorial regions, high up in the atmos- 
phere where charged particles are 


A Cc 


8B O Magnenc 
Fig. Field 
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trapped by the earth’s magnetic field is 

Called Van Allen radiation belt. 

(i) Two parallel wires carrying current in 
the same direction attract each other. 

(It) Two parallel wires carrying current in 
the opposite directions repel each 
other. 

(HW) Expression for the force of attraction 
or repulsion between two long con 
ductors carrying current kept at a dis- 
tance rparallel to each other Is 

_ pohk 
os nr 


where jo= 4x 1G’ N/A? 


Galvanometer: Instruments used for 


detecting and measuring electric cur- 
rents are called galvanometers. A 
moving coll galvanometer Is based on 
the principle that when a current carrying 
conductor js placed in a magnetic field, R 
experiences a mechanical force whose 
direction is given by the Fleming's left 
hand rule as told above. 
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Dynamo: A dynamo transforms mechani- 
cal energy into electrical energy. It works 
on the principle of electromagnetic in- 
duction. When a coil is rotated in a mag- 
netic field the lines of force cutting by the 
coil changes due to which an induced 
current |s set up inthe coil. The direction 
of the Induced current is given by the 
Fleming's right hand rule. 

Construction of a simple dynamo is 
shown in figure. 


Fig. 
Ammeter: It is a device which is used to 
measure current through a circuit To 
convert a galvanometerinto an ammeter, 
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a suitable low resistance is connected in 
parallel with the galvanometer which Is 
called a shunt and the scale is directly 
graduated in ampere. Ammeter is always 
connected in series. 

Voltmeter: \t is a device which Is used to 
measure p.d. across two points in a cir- 
cuit. To convert a galvanometer Into 
voltmeter, a suttable high resistance Is 
connected in series with the gal- 
vanometer coll and the scale |s directly 
calberated in volts. Voltmeter is always 
connected in parallel. 

Electric fuse: An electric fuse is safety 
device meant to protect an electric circuk 

_U snapea Metallic Strip: 


Porcelain 
se Metal Cap 


Base 


Cartridge Fu: 
—-—©0— 
Circuit Sym 
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from being demaged due to excessive 
current which may be caused due to the 
voltage fluctaations or faulty wiring or the 
use of poor quality of wire. 


Cartridge fuse: A cartridge fuse consists 
of a small glass tube with a fuse wire 
insite connected to the metallic caps at 
the ends. tt s connected to a live wire 
leading to the appliance. 


Magnetic meridian: Averucal plane pass- 
ing through the axis of the treely 
suspended magnet is called magnetic 
meridian. 


Geographic meridian: A vertical plane 
passing through geographical north- 
south (i.e., passing through the 
geographical axis) of the earth is called 
the geographic meridian. 


Declination: The angle between the mag- 
netic meridian and geographical 
meridian is called the declination. Its 
value is different at different places onthe 
earth. € is the declination. 
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Angle of dip: itis the angle between the 
earth's resultant magnetic field and its 
horizontal component, orin other words, 

_itts the angle which the axis of a freely 
suspended magnet makes with the 
horizontal The angle 6 between A&B and 
AE is the angle of dip. 


Fig. 
Dip circle: \t is an instrument which is used 
to determine angle of dip at a place. 


Magnetic equator: \t is the line passing 
through the points on the surface of the 
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earth where the angle of dip is zero. The 
value of dip at the poles is 90° and onthe 
equatorial line is 0°. 

Horizontal component of earth’s mag- 
netic field: The earth’s magnetic field at 
a place may be resolved into two rectan- 
gular component (i) the horizontal com- 
ponent (H) and (ii) the verticalcomponent 
(V). The horizontal component of earth's 
magnetic field is of the magnetic ele- 
ments of earth's magnetism. The value 
of H is zero on the poles. 

Heat Produced: When electric current is 
passed through a resistance (A2) heat 
produced (H) is given by H= FP At 


where t= time of flow of current 
R = resistance of the material 
and /= current flowing through the 
material 


Power: Rate of doing work is called 
power(P) 


348 Physics 


or Pe 2 = 
t t 
Power is measured in watt or killo watt. 
Kilowatt hour: lt is the un't of electricity 
1 kWh= 3.6 » 79° J. 


Graph between V and I: As shown in Fig. 
9.4 The graph between V and /is a 
straight line. The slope of the curve gives 


the resistance. 


——» Volt (V) 


Current | 


Fig. 
Conductors: The materials that offer neg- 
ligible resistance to the flow of currents. 
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Silver copper and aluminium are good 
conductors. 


insulators: The materials that do not allow 
any electricity to pass through them are 
known as insulators. Rubber, plastics 
and wood are excellent insulators. 

Electromagnetism: Magnetism produced 
by the effect of the electricity. The direc- 
tion of magnetic field can be known by (a) 
Maxwell’s cork screw rule and (6) Right 
hand thumb rule. 

Maxwell’s cork screw Rule: Below fig 
shows a right hand screw placed in the 
direction of flow of current. Now rotate 
the cork screw such that it advances in 
the direction of the flow of current. The 


Fig. Maxwell's cork screw rule 


350 Physics 


direction of rotation of the thumb gives 
the direction of flow of current. 


Verification of Ohm’s Law: Ohmslawcan 
be veniied from the circuit as shown in 
fig. (a). Set on one cell in the circuit and 
note the current /and potential difference 
V across the points A and B. Now con- 
nect two cells and note the current / and 
potential difference V cross the points A 
and B. Repeat the experiment with 3, 4, 
5, 6 and 7 cells. in all these cases it will 
be seen that the ratio is the same. 


HeyHHH HH] 
> 


Fig. 
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h; l saci 
if a graph is plotted between Vand /it will 
be a straight line as shown in Fig. (b) 
It means V=/A 
where RA = resistance of the wire 
It verifies Ohm's law. 


Voltage V —— 
-~NM WAU ON 


—_—_——— 
1234 567 
Current JT 


Fig. Verification of Ohm's law 
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Heating effect electric current: When an 
electric current is passed through a cir- 
cuit, then 


Work done = potential difference x cur- 
rent x time 


or We V.ILT 
where W = work done 

V = potential difference 

T = time of flow of current 
also V=IR 


Hence W= /RIT=1°RT 

This work done in an electric circuit ap- 
pears in the form of heat. Thus heat 
produced by an electric circuit is proportional 
to 

(i) square of the current flowing in it 

(ii) resistance of the wire and 

(iii) time of flow. 

The above equation of heat is used in all 
electrical heating devices like electric bulbs, 
eaters, electric iron, immersion heaters and 
cooking ranges. 
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Oersted’s experiment: Oersted dis- 
covered that magnetic field is produced 
around the wire when a current is passed 


a sae 
a, 
nats 
“ 


Fig. Oersted’s experiment. Generation of 
magnetic field around a current carrying 
conductor (wire). 
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through a conducting wire. He verified his 
law from the following experiment. He 
placed a magnetic needle below the cir- 
cuit as shown in Fig. (a). As shown in fig. 
(Lb) when current was passed through the 
wire, the needle was deflected towards 
one side. 

The direction of tlow of current was 
reversed as shown in Fig. (Cc). The mag- 
netic needle was deflected towards the 
other side. It verifies Oersted's experi- 
ment of generation of magnetic field 
around the current carrying wire. 


Magnetic field : Fig. below shows the set 


up for verifying, that magnetic field is 


raight 
A 


qi 
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produced when current is passed 
through a straight conducting wire. 

The copper wire is passing through a 
horizontal card board. With the help of a 
theostat, allow a current of 2 ampere to 
pass through the circuit. Now place the 
compass needle in various positions on 
the card board around the wire. 

Draw the direction of lines of force with 
the help of magnetic needle. Reverse the 
direction of flow of current. Now the mag- 
netic needle will point in the reverse 
direction. The direction of magnetic field 
is given by Maxwell's cork screw rule. It 
states as follows. 


Fig. below shows the current carrying 
conductor held in the right hand such that 


a 


Fig. Maxwell's nght hand screw. 
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the current flcws away from the body. 
The direction of the fingers points 
towards the direction of flow of magnetic 
lines of force. 

Faraday’s experiment: Faracay showed 
that rotational motion can be produced in 
a live conductor by a magnet. The ex- 
perimental set up of Faraday is shown in 
Fig. It consists of a moving wire im- 
mersed in mercury. When current is 
passed, the wire starts rotating around 
the magnet. 


A 
Ke 
dt} —_——w“ 1 


Rheostat 


Fig. 
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It means that an electric motor converts 
electrical energy into mechanical energy. 
An electric motor works on the principle, 
“when an electric current is passed 


Cc 


: 


Armeture \) Commutator 
B 


Line diagram of an 
electric motor 


Fig. Line diagram of an electric motor 
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through a conductor kept normally ina 
magnetic field, a force acts on the con- 
ductor, as a result of which the conductor 
begins to moves.” 


Fig. shows the simple line diagram of an 
electric motor. it consists of a rectangular 
_coil ABCD wound on an armature. The 
armature rotates about the spindle be- 
tween the poles of a magnet. The coll is 
connected to the slip rings (the com- 
mutator). When current is passed 
through the circuit, magnetic fleld Is set 
up. It pushes the part CD downwards and 
AB upwards /.e., the motor starts rotating 
in the clockwise direction. After halt rota- 
tlon, the polartty of commutator changes. 
This reversal of polarity pushes AB 
downwards the CD upwards. The 
process repeats rapidly and the electric 
motor begins to rotate. 


Electric Power Plants: The plants where 
electricity Is produced are Known as 
electric power plants. !n nuclear power 
plants, electricity is produced by nucfear 
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fission. In hydro power stations, the 
kinetic energy of the filuid is converted 
into electrical energy. in thermal power 
plants, the heat producedby burning coal 
is utilised for the production of electricity. 
In hydel power plants energy of steam is 
converted into electrical energy. 
Coulomb's Jaw: States that the force of 
attraction or repulsion between two 
chargedbodies Is directly proportional to 
the product of charges on them and Ir- 
versely proportional to the square of the 
distance between them and the force is 
acting along the two charges. 
if two charged bodies having charges 
Gq and @ be 
sepa-rated by a 5 


distance ‘d then &-----—/ 
force 
A Fi 
aie i 9. 
* 


where Kis a constant depends upon (i) 
the nature of the intervening medium and 
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(ii) toe unit system adopted. In S.1. sys- 
tem of units, value of k has been ex- 
perimentalty found as 9 x 10° Nm?/C? 
for tree space (/.e., vacuum) 

For free space, 


where €> O is called the permittivity of 

free space. 

1 12 1-2 
= = SO. x1 
aoe per 8.85x10'2C°N'm 

Relative permittivity or dielectric con- 
stant: lf we find force between two char- 
ges in a given medium, the force F Is 
reduced by a factor ce, compared with its 

value in vacuum. 

This constant e, ts called the relative per- 
mittvity or the dielectric constant of the 
medium. 

~ FR _ NR 
4ncoed? 4ned* 
where ec = €o€, and is called permittivity 


Electricity 361 


(or absolute permittivity) of the given 
medium. 

Electric field: of a given charged conduc- 
tor Is inat space around it, in which ft 
Influences any other charged body ff 
oOrought. 

Electric intensity or (electric field 
strength): at a point in an electric field is 
defined as the electric force experienced 
by unit charge (positive) placed at that 
point. 


q as) 3% 
Qivcrrererecssevccccevecceecececes @ —,F = qoE 
n,n 

Fig. 


“it Fbe the force experienced by test 
charge, then electric Intensity E at that 
point Is 

p.F 
qo 
intenshy of the electric field at point A 
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situated in free space is given by. 


cf. 4 
qo 4neod 


Electrostatic potential: At a point in a 
givenelectrictield ls the work done by the 
force of the electric fleld per unit postive 
charge moved from that point to a place 
at zero potential. 


+q + iP 


Fig. 
In free space value of electric potential V 
at a point x distance apart from the given 
charge q ls given by 
Vee: 
4neox 
Electric potential is a scalar quantity. Its 
unt is 


‘eke renin 


1 coulomb ; 
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Relation between field intensity and 
potential: Electric field intensity E at a 
point may be considered as negative of 
the gradient of electric potential at that 
point. 

av 
E= a (potential gradient) 

Electric intensity between two parallel 

charged plates: |s V = E. dor Electric 


intensity. 


Ex= potential difference V 
distance between the plates d 


Fig. 

Electron volt(eV): An electron volt is the 
energy acquired by an electron when 
accelerated by a potential of one volt. 

W= qV Joules 
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where Wis the energy acquired by charge. 
qis the charge in coulomb and Vis potential 
difference 


YeV=16x10°'9x1=16x10 "89. 


Electric current: or strength of electric cur- 
rent is defined as the rate of flow of 
electric charge through any section of the 
wire. If dq units of electric charge flows 
across any section of the wire in ct 
second, the strength of the current is 


ts _. 49 
given by i of 


Lonventional direction of electron of 
electric current: According to the con- 
vention the direction of current Is taken 
as the direction of fiow of positive charge. 
But motion of negative charge from right 
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to left is equivalent to motion of positive 
charge from left to right as shown. 


Unit of current is 1 ampere. We say cur- 
rentis one ampere if rate of tlow of charge 
through a cross-section of a given con- 
ductor is 1 coulomb per second. Or 


in terms of flow of electrons we may 
define 1 ampere current as the rate of 
flow of 6.25 10" free electrons per 
second through 2 cross-section of a con- 
ductor. 


According to the form adopted by Inter- 
national Committee on Weights and 
Measures ampete is that steady current 
which, flowing in two infinitely long, 
Straight, parallel conductors of negligible 
Circular cross-section, placed 1 metre 
apart, in vacuum produces a force be- 
tween them of 2x 10°” newtons per 
metre length of conductor. 


According to yet another definition one 
ampere is defined as that current which 
will deposit 0.001118 gram of silver on 
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the cathode of a silver voltameter in 1 
second. 

Drift velocity: May be defined as the 
velocity of the free electrons with which 
they get drifted towards the positive ter- 
minal under the influence of the extemal 
field. The drift velocity of electrons is 

Eet 
given by V, = = 
where E's applied field between the two 
ends of a conductor, e is the charge on 
an electron, mis the mass of the electron 
and tis the average time spent between 
the two consecutive collision. 


™ + 


Drift of Electrons— 
.-———-Current 


Fig. 
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Relation between current and drift 
velocity: 
p24 x nAle 
~ ¢ b/va 
or i=nAeva 
where / =  wireflength 
A= area cross section in which 
free electrons flow to the 
right with drift velocity va 
no. of electron present in a. 
unit volume of the wire. 


ae gee 
A 


Es 


Fig. 
Electric resistance: The electric resis- 
tance of a conductor is the property of the 


conductor by virtue of which it opposes 
the flow of current through it. 
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Resistance (A) = Potential difference 


Current (/) 


The S.I. unit of resistance is ohm (sym- 
bo! Q): If V= 1 volt, |= 1 ampere then A 
= 1 ohm. Hence, a conductor has a resis- 
tance of ohm if a current of 1 amp. flows 
through it when a potential difference of 
1 volt is applied between its two ends. 


Specific resistance: The resistance of a 
conductor depends upon its length, 
cross-sectional area and temperature of 
the conductor. It was shown by Ohm that 
the resistance of a conductor at constant 
temperatura obeyed the following two 
laws: 


(i) Law of length. The resistance of a 
given conductor or wire of certain 
cross-section area is directly propor- 
tional to its length i.e., greater is the 
length of a conductor, greater is its 
resistance. 


(ii) Law of thickness: The resistance of a 
given conductor on wire of certain 
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length is inversely proportional to its 
cross sectional area /.e., thinneris the 
conductor or wire greater is its resis- 
tance. 


If the resistance of a wire of length /and 
cross-section area a is A, then from the 
law of length 


R < |, where ‘a' is constant 
and law of thickness 


Ri + where ‘? is constant 
Combining the two laws, we get 
1 1 
a or =P. 


ifa=1,/=1thenp=R 

Specific resistance or resistivity: of a 
material Is the resistances of a conductor 
made of that material of unit length and 
unit area of cross-section. 


Conductivity: of a given material is the 
inverse of its resistivity. 
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Conductivity o = unit is 


Conductance: Inverse of resistance of a 
given conductor is called its conduc- 


oat 1 
tance. Its unit is —— ormho. 
ohm 


Shunt: is a small resistance always con- 
nected in parallel with the main circuit so 
as to reduce the current in main circuit. 


Distribution of current between a gal- 
vanometer and shunt: 


where /. is the current through shunt, /is 
the total current, G is the resistance of 
galvanometer and Sis the resistance of 
shunt. 

Heating effect of current: Whenever 
electric current passes through a con- 
ductor, the part of the electric energy is 
converted into heat energy because the 
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resistance is offered by the conductor to 
the flow of current similar to the produc- 
tion of heat when a body moves against 
friction. 

Joule’s law of heating: Joule found that 
the amount of heat H produced in a con- 
ductor is directly proportional to the fol- 
lowing factors. 


(i) Square of current | flowing through 
the conductor 


(i) Resistance RA of the conductor and 
(iil) Time ¢ for which the current flows. 


H« |? RT, this relation is called Joule’s 
law 


2 | | 
H= re (in calories) and J = 4.12 


Electric power: The electric power of an 
appliance is defined as the rate of con- 
sumption of eiectric energy or as its rate 
of doing work. 


= “ where W is the electric work done 


in time ¢ 
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w=! At 
= te PR=VI ( . V=IR) 


The S.l. unit of power is watt, 1 watt 


5 Us: or 1 joule = 1 watt. The commercial 
second 


unit of electric energy is kilowatt hour. 
1 kilowatt hour = 1000 JW/s x 3600 s 
= 3.6 x 10° J 
Electrical energy: It is the total electrical 


energy consumed when a current flows 
through a conductor fora given time. 


Electrical energy W = Vit = Pt 
If 1 kilowatt power is used for 1 hour, 
energy consumed will be 1 kilowatt hour 


1 kWh = 1kw.x the. 
= 1000 x 3600 sec. 
= 3.6 x 108 joules. 


Effect of temperature on resistance: The 
resistance of a conductor increases with 
the nse of temperature. If R, and R, are the 
resistances offered by a conducting pure 
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metal at 0° C and f C then, we have 
Ry = Ro(1 + af . 
where a is the temperature co-efficient of 
resistance for that substance, while in 
case of semi-conductors like germanium 
andsilicon the resistance decreases with 
temperature. 
Limitations of ohm’s law: 

(i) Only small current should be allowed 
to flow through the circuit so that 
temperature should remain constant. 

(ii) The conductor should not be sub- 
Jectedto any kind of stress ortension. 


Potential Difference (Y) 
X-Axis 


© Current (I) —» 


Fig. 
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Biot-Savart law: Biot and Savart gave an 
empirical formula to compute the mag- 
netic field strength at any point due to a 
currem flowing in the circult of any shape. 
The magnetic field aB at any point P due 
to the current element fs given by 

to Laser? 
di = 4x fp 
where di/= current element of length d/ 
of conductor AB. 
l= current flowing through a 
conductor wire AB. 
The magnkude of the field is given by 


a= Giang where 6 Is angle be- 


tween the vector dfand position vector F? 

The direction of the magnetic field ae Is 

“" same as the direction of the vector 
x FP 


The direction of field GB may also be 
given from the analog y. According to 
right hand thumD rule, if we hold a wire 
carrying current in our right hand such 
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that the thumb points along the direction 
of current, the fingers will curl round the 
wire in the direction of magnetic field 
arround the wire. 


Magnetic field at the centre of a circular 
coll: is given by the expression 


B= en tesla (or weber m~ 2 where ris 


the radius of a loop of wire in which 
curren / ls flowing, nis the number of 
turns of the coil. 


Magnetic field along the axis of a cir- 
cular coll: is given by the expression 


_ pol? 
= 2(F4+ eye tesla 


_-Here a circular current loop of radius r 
Carrying current / ampere held perpen- 
dicular to the plane of paper. The point P 
Is situated on the axis of the coll at a 
distance x from the centre af the coll. The 
magnetic field at point P is as given 
above. Also nis the number of turns of 


the loop. 
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Magnetic field at the centre of a long 


solenoid: A coil which is wound in a 
cylindrical shape Is called a solenold. If n 
be the number of tums per unit length, r 
be the radius of each turn and / be the 
current flowing through the solenoid. The 
magnetic field at the centre of a long 
solenoid Is given by, B = poin. 


Relation between electro-chemical 


equivalent and equivalent weights: 


4 = bail where Z; and Z2 are the E.C.E. 
22 & . 
of two substances whose chemical 


equivalent are E, and E2 respectively. 
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Seebeck effect (or thermoelectric ef- 
fect): Seebeck found that when two dif- 
ferent metal wires are joined at their ends 
to form a closed circuit and one of the 
ends (or junctions) is heated while the 
other is kept cold, an electric current is 
produced in the circuit. The current so 
produced is called thermoelectric cur- 
rent and the pair of metal wires as ther- 
mocouple. 


Hot Cold 


Fig. 

Neutral and Inversion temperature: The 
temperature at which the thermo-electric 
current ts maximam (270° for the lron- 
coppor couple) is called neutral tempera- 
ture and the temperature at which the 
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direction of the current is reversed is 
called the temperature of the inversion. 


temp of Inverse 


Potentiai 
—— difference 


2 
—@ Temperature 


Fig. 
Thermoelectric thermometer: is a senst 
tive instrument commonly used for 
measuring high temperatures. It is based 


Cold Junction & Wy Not junction 
XY oil Bath 
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upon the principle that for a given ther- 
mocouple value of thermo e.m.f. 
depends upon the temperature dif- 
ference between cold hot junction. 

Measurement of temperature: Before 
measuring unknown temperature a 
Caliberatlon curve is plotted between 
temperature of hot junction and the 
deflection obtained in the gatvanometer. 
Now the thermometer Is brought in con- 
tact with the body whose temperature is 
to be determined and the reading of the 
galvanometer Is read. The temperature - 
corresponding to this value of the gal- 
vanometer reading Is read from the 
calberation curve. 


4, Y 
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Thermopile: It is a sensitive instrument 
used for detection of heat radiation and 
measurement of their intensity. It is based 
upon the thermoelectric eftect. 


B1 


Heat -——# 
Radiation en, 


Sb 


Fig. 

Thermal radiations coming from the fur- 
nace are allowed to fall on the set of 
junctions. These radiations are absorbed 
and hence the temperature of all junc- 
tions of this setis raised. The other set of 
junctions remain cold. Due to difference 
intemp, thermo e.m.f. is set up in each 
thermocouple. As all the thermocouples 
are joinedin séries the e.m.f of incividual 
couples are all added thus the resultant 
e.m.f. is large. 
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Conversion of galvanometer into am- 
meter: Galvanometer can be converted 
into ammeter by connecting a very low 
resistance (Shunt resistance Resp) in 
parallel with the galvanometer. 


Io-Rg 


Conversion of galvanometer into 
voltmeter: Galvanometer can be con- 
verted into voltmeter by connecting a 
very high resistance in series with gal- 
vanometer. 


V= (Rg + Dlg 


Moving coil galvanometer: Galvano- 
meter. Instruments used for detecting 
and measuring electric currents are 
called galvanometers. A moving coil gal- 
vanometer is based on the principle that 
when a current camying conductor is 
placed in a magnetic field, it experiences 
a mechanical forces whose direction is 
given by the Fleming’s left hand rule. 

Construction: |t consists of a narrow coil 


Rsh = 
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G having a large number of tums of a 
insulated wire on a light metallic frame. 
The coil is suspended between the pole 
pieces of a cylindrical magnetic M built 
up of permanently magnetised rings of 
hard steel. 

One end of the coil is attached to a very 
fine spiral spring the lower end of which 
is connected to one of the terminal 
screws on the base board of the instru- 
ment. Thus, the current enters through 
the strip of phosphorbronze, and after 
passing through the coil, leaves through 
the spiral spring. 


AEALEAMT ATTA E OA 


Fig 


Electricity 383 


A soft iron cylinder, called the core, is 
placed symmetrically between the pole 
pieces of the magnet. Besides, the pole 
pieces are given cylindrical shape, the 
iron core helps to concentrate the mag- 
netic field so that the directions of the 
lines of force in the gap between the pole 
pieces and the soft iron core almost coin- 
cide with the radii of the cylindrical pole 
pieces. 


Such a magnetic field is called radial 
magnetic field. It is clear that in sucha 
field, the plane of the coil in all its posi- 
tions is always parallel to the magnetic 
field. 


Electronics: Electronics is that branch of 
Science and engineering which deals 
with the electron flow through a vacuum 
or gas of semi-conductor is known as 
electronics. 

Electronic devices: The instruments 
which use elec sons for useful pumoses 
are called electronic devices. 
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Essentials of an electronic device: 


(i) Some source of electrons 

(ii) Suitable arrangement for manipulat- 
ing them. This mean an arrangemen 
to alter their velocities; alter thelr 
direction as well as number etc. 

(iii) Some arrangement for observing 
these effects prcduced by our 
manipulation. It may be a fluorescent 
screen as in television and radar. 

Electron emission: When the energy is 
imparted to the electrons from some ex- 
temal source they leave the surface of 
the metal and this phenomenon is called 
electron emission in metals. 

Work function: The minimum energy 
which the electron should have in order 
to escape from the surface of the given 
material and may not be pulled back by 
the remaining positively charged atomis 
called the work function which depends 
upon the nature of the material. 

Thermionic emission: The process of the 
escape of electrons from the surface of 
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metal when heated suitably is called the 


thermionic emission. 


Thermionic emitter: The substance used 
for electron emission is known as an 
emitter or cathode. A cathode should 
have the following properties: 


(i) It should have low work function 
(ii) It should have high melting point 


(iii) It should have high mechanical 
Strength. 


Commonly used thermonic emitters 


Emitter |Work | Operating| Emission 
function | Temp. efficiency 

Thoriated |2.63 eV |1700°C |60 mA/ 

tungsten watt 


Oxide- 1.1eV |750°C 200 mA/ 
coated 
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Types of cathode 


(i) Directly heated cathode. When cur- 
rent is passed into the filament F, it 
becomes hot and emits electrons. 


(ti) Indirectly heated cathode. The cur- 
rent is passed into filament F. It get 
hot and then heats the cathode C 
lying near it. 


Indirectl 
F F heat 
cath 
Bottary to heat = +1 - 
the filament B al 
Battary B 
Fig. 


Field emission: The process of electron 
emission by the application of strong 
electric field at the surface of a metal is 
known as field emission. 

Vacuum tube: An electric device in which 
the flow of electrons is through a Vacuum 
iS known aS a vacuum tube. 
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Vacuum diode: the word diode means 
electrodes. A diode consists of two 
electrodes, a cathode C and an anode or 
plate P. The cathode (along with its heat- 
ing element) and the plate are fixed in- 
side a glass tube T. The airfrom the glass 
tube is removed and then its is sealed. 
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Space charge: The cloud of negatively 
charged electrons near the cathode is 
called space charge. 

Working of a diode: When a plate P is 
positively charged, it attracts electrons 

mA 
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emitted by cathode and current flows 
through the diode as shown in Fig. (a). 
When the plate is negatively charged it 
repels the electrons emitted by cathode; 
due to which no current fiows through the 
diade. 


Diode characteristics: When cathode is 
kept at a constant temperature 7; and 
a+ve potential is applied on anode, the 
plate current increases along the curve 
OA. The portion OA if known as space 
charge limited region. As we increase the 
plate potential for a certain value of plate 
voltage, the number of emitted electrons 
is equal to number of collected electrons 
by the plate. Now the plate current is 
saturated and this condition ts shown at 
D on anode characteristics. Now, we in- 
crease furtherplate voltage but there is 
no increase in plate currents. tf cathode 
temperature is increased from 7; to T2 
the value of saturation current increases 
as shown in fig. 


390 Physics 


mA 
Rn 


H.T. 
Battery 


z 


LL 


High Filgment 
temp T3 
Medum Filament 


Temp T2 / 


Low Filament 
temp. T, 
O Anode valtage 


Plate current (I.P.) 


Fig. 


Electricity 391 


Rectifier: A device which converts an alter- 
nating current into a direct current is 
known as rectifier. 

Rectification: The process of .converting 
ar. alternating current into a direct current 
is called rectification. 


Diode valve as half wave rectifier: AC 
input ts connected across the primary of 
a transformer. During the first half cycle, 
when A is +ve, the plate attracts 
electrons and current flows through the 
load. During second hall-cycie Pis nega- 


Fig. 
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ttve with respect to the cathode and no 
eiectron reach the plate. The:efore no 
current flows in the second half cycle 
thriugh the load. E acts as a +ve terminal 
while F acts as -ve terminal. 

Diode vaive as full wave rectifier: Here 
we make use of two diodes AC source 
iS Corinected to the primary of a trans- 
former. The secc.ndary of the transformer 
Is centre tapped at point D. During the 
first halt-cycie, when Als +ve w.rt. B, the 
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+Ve potential acts on the piate of diode 
1. The electrons are attracted and cur- 
rent flows. The current does not flows 
through diode 2, because Ks plate P2 is 
negative with respect to its cathode. 
During second half cycle Bis +ve and A 
is-ve anda -ve potential acts onthe plate 
of diode 2. The current flows via the diode 
2.No current flows through diode. +. The 
full wave of AC is rectifled and this is 
known as full wave rectification. 

Triode: A triode consists of three 
electrodes; a plate P, a cathode (C) and 
a grid (G). There ts also a heating fila- 


Fig. 
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ment H placed inside the cathode. 
Cathode The three electrodes are 
enclosed In an evacuated glass tube. 
The bottom of the glass tube Is fitted into 
a bakelite base and there are five metal 
pins fixed in this base. These pins are for 
making the connectlons of the thode with 
extemal circut. 

Action of grid: Since the grid is nearer to 
the cathode than the plate, a potential 
placed on the grid has a much larger 
effect on the plate current than the same 
potential placed on the plate. The grid 
has a controlling effr st on the flow of 
plate current and Is usually called a con- 
troi grid. 

Cut off bias in a triode: The smallest 
negative grid vottage capable of cutting 
oft (/.ée., making the plate current zero) 
the ptate current ts called the cut off bias. 


Constants or parameters of a triode: 


Amplification factor (1). It Is the ratio of 
the change in plate potential to the 
change in grid potential provided the 


Electricity 395 


change In plate current Is the same in 
both the cases. 


AEy 
a AE, Ip 
Mutual conductance (gm): It |s the ratio of 
the change in the plate current to the 


change in grid potential provided the 
' plate potential is constant. 


_[ 4h 
Plate resistance: \t is the ratio of the 


change In piate potential to the change In 
plate current provided the grid potential 


is constant. 
AE, 
T= = Ey 


Relation between the three constants 
w=hxgm 
Amplification factor = plate resistance 
x mutual conductance 


Amplifier: An amplitier is a device to in- 
crease the amplitude of the input signal. 
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Triode as an amplifier: The amplification 
by the triode is based upon the fact that 
asmall change in grid potential produces 
a large change is the plate current. 
When the gride is given a steady voltage 
Vso by grid bias, a steady current ap- 
pears across the load resistance A. 
When an input A.C. signal (e,) Is applied 
to the grid, the effective voltage between 


ae om i+ Grid vatage 
¥g,¥q, put signal voltege 


Fig 
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grid and the cathode swings Va to Vgz 
along its meaniess bias level V,0. The 
variations in grid cathode voltage cause 
a pulsation in plate current and a large 
plate alternating voltage corresponding 
to the input signal appears across the 
load resistance R. 


P-N Junction: When a p-type semiconduc- 
toris Suitably joint of n-type semiconduc- 
tor, the contact surface is called 
pn-junction. 

Formation of PN junction: A junction 
diode or P-N junction is an arrangement 
obtained by growing single crystal of 
either Ge or Si which at first contains 
impurities of either P or N-type. In the 
middie of the growth process, the im- 
purities of the opposite kind are added to 
the melt, so that the remainder of the 
Crystal abruptly grows into the opposite 
type. 

Potential barrier at the junction: Due to 
the high concentration, so free electrons 
in the N-type diffuse through the junction 
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to the P-region and likewise some holes 
in the P-type diffuse into the N-region. 
Transfer of these changes to either 
region disturbs the neutrality of that 
region making P-region negative and N- 
region positive. This results in the estab- 
lishment of an electric field at the junction 
as if a fictitious battery B; were con- 


le Atom 


function 
(or depletion region) 


Fig. 
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nected with its positive terminal to N-type 
and negative terminal to P-type. This 
potential produced is called potential bar- 
rier. This barrier opposes any further 
movement of charges through the junc- 
tion. The thickness of the depletion 
region is of the order of 10°m. 
Applying voltage across pn junction: A 
potential differences across pn junction 


Fig. 
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can be applied in two ways namely; for- 
ward biasing and reverse biasing. 


Forward biasing: When external voltage 
applied to the junction is in such a direc- 
tion that it cancels the potential barrier, 
thus permitting the current flow itis called 
forward biasing. Inforward bias the 
positive terminal of the battery is con- 
nected to the P-type side of the crystal 
and the negative terminal to its N-type 
side. The battery voltage will oppose the 
barrier voltage. If exceed the barrier volt- 
age, the free electrons in N-type and 
holes in P-type will migrate from one end 
of the crystal across the junction to the 
other end. 


Reverse bias: \t the negative terminal of 
fre_battery be connected to the P-type 
portion and positive ferminal to the N- 
type portion as shown in Fig. The crystal 
is said to De given reverse bias. The 
holes (the majority carrier in P-type) and 
electrons (the majority carries in N-type) 
moves away from the junction thereby 
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increasing the thickness of the junction. 


But some thermally generated holes and 
electrons do cross the junction and < 
feeble current flows through the junction. 


p* 
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PN-junction diode as a rectifier: 


(a) Half wave rectifier. The circuit fora half 
wave rectifier using Pn diode transistor’s 
shown in fig. () Here Dis the PN diode 
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transistor. Ris :he load and P; P2 and S; 
S2 are the primary and secondary ter- 
minals of a transformer. During the first 
half cycle. when S; is +ve with respect to 
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Se there is a flow of current in the direc- 

tion as shown in fig. 

(ii) The point A is +ve and Bis -ve. In 
second half cycle when S; is -ve with 
respect to S2 so no current flows in 
the circuit. The process is repeated 
and across the load half wave rec- 
tified DC is obtained as output. 


(b) Full-wave rectifier: The circuit for a full 
wave rectifier using PNdiodes D; and D2 
iS shown in fig. Ris the load and P; P2 
and S; Szare the primary and secondary 
terminals of a transformer. During the 
first half input cycle S; is +ve and Sz is 
-ve with respect to E. current flows 
through the diode D; and not throug! Dz. 
During the second haif cycle S; is -ve and 
S2is +ve with respect to E. Current flows 
through diode D2 and not through DO). 
During both the half cycles. Ais +ve and 
B is -ve. The process is repeated and 
across the load a full wave rectified D.C. 
is obtained. 
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Junction transistor: A transistor is an ar- 
rangement obtained by growing a narrow 
section of either N-type crystal between 
two relatively wide sections of p-type 
(called PNPtransistor) or growing p-type 
crystal between two wide sections of 
type. (called NPN transistor). 
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Emitter: The section on one side that sup- 
plies charge carriers (electrons or holes) 
is called emitter. The emitter is always 
forward blased w.r,t. base so that it can 
supply a large number of majority carrier. 

Base: The middie section which forms two 
pn junctions between the emitter and 
collector is called the base. 


Collector: The section on the other side 
that collects the charge fs called the cof 
lector The collector is always reverse 
biased. 

Common base amplifier: \n this circut, 
the base is common to both the emitter 
and the coffector circuits. The input Is 
appiled to the emitter base circuk and 
output is taken between collector and 
base. 

Characteristic of common base transis- 
tor: The complete electrical behaviour of 
a transistor can be described by stating, 
the Wmerelation of the various currents 
and voRage. These relationships can be 
convenlemly displayed graphically and 
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the curves obtained are Known as char- 
acteristic curves. There are three types 
of characteristics of common base. 

(1) Emitter (or input) characteristics: A 
graph showing the relationship between 
the emitter voltage and the emitter cur- 
rent at constant collector voRage Is called 
the emitter (or input) characteristics. The 
characteristic curves reveal the following 
facts: 


Fig. 
(l) For a given value of Ve, the emitter 
current I. Increases rapidly with the 
increase in Ve. 
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(il) the emitter current I. ises inore rapld- 
ly as V- is made more negative. The 
reason is that small negative in 
crease In V- causes larger number of 
holes get attracted by the collector. 


Fig. 


(2) Output characteristics : It is a curve 
between collector current !, and collector 
base voltage V. at constant emitter cur- 
rent |.. The characteristics reveals the 
following facts: 
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(i) For any value of the emitter current, 
the collector current does not be- 
come zero when collector voitage is 
zero, A small positive voltage (OA, 
OB OC) is to be applied to collector 
in order to reduce the collector cur- 
rent to zero. This means that holes 
due to their high concentration con- 
tinue flowing from emitter into the cot 
lector inspite of small opposing 
collector voltage. 


Je=25inA 
Ic=15 mA 
Ic=5mA 


cp - - . 
(F10)r 20 '042P_)30 
Fig. . 
(ii) After D, E and F the curvesare almost 
horizontal. This indicates that there is 
no increase in |, after D, E, F. This is 


410 Physics 


saturation and collector resistance is 
high in this region. 

(iii) As the collector voltage is made more 
and more negative, collector current 
increases (the portion AD, BE, CF 
etc.). This indicates the collector 
resistance is low in this region. 


Transfer characteristics: The charac- 
teristic curve which represents the varia- 
tion of the collector |. with the emitter I, 
for a fixed collector voltage V.- for com- 
mon base transistor in a straight line and 
ls known as transfer characteristic curve. 
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Common emitter amplifier: The common 
emitter npn ampiifier circuit. Note a bat- 
tery Vp Is connected in the input circuit 
in addition to the signal voltage. During 
the +ve half-cycle of the signal the for- 
ward bias across the emitter-base junc- 
tlon is increased. Therefore more 
electrons flow from the emitter to the 


collector via the base 
ic 
ib rm 
Signal Outpu 
—_ 1 
Vib Vcc Fig, 
Fig. 


Thts causes an increase in collector cur- 
rent. The increased collector current 
produces a greater voltage drop across 


412 Physics 


the coliectorioad resistance A... However 
during the negative hatf cycle of the sig- 
nal, the forward bias across the emitter 
and base junction is decreased. There- 
tore, collector current decreases. This 
results in the decreased out put voltage 
(in the opposite direction). Hence an 
amplified cut put is obtalned across the 
load. 

Base currert amplification factor (j). 
The ratio of change in collector current 
(A/c) to the change in base current (A/8) 
is known as base current amplification 


factor 

Al. 

ie A= Ale 

Relation betweena and fi, B = rae 


Characteristics ofcommon emitter tran- 
sistor: Figure shows the circuit diagram 
for determining the characteristics for a 
common emitter npntransistor circutt. 
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Fig. ° 
Input characteristics: \t is a curve be- 
tween base current /g and base emitter 
voltage Vie at constant collector emitter 
voltage V-C 


Important points to be noted from the 
charactenstics: 


(i) The characteristics resembies that of 
a forward biased diode curve. This is 
expected since the base-emitter sec- 
tion of transistor is a diode and it is 
forward biased. 

(i) As compared to CB arrangement, /s 
increased less rapidly with Voge. 
therefore, input resistance of CE cir- 
cuit is higher than that of CB circuit. 


414 Physics 


AVge 
Alg 


Input resistance: " = 


at constant Vce. 


It is the curve between collector current 
Ic and collector-emitter voltage Vce at 
constant current /g. 


The collector current Ic varies with Vce 
for Vce between O and 1 V only. After 
this, collectorcurrentanindependence of 
Vce. This value of Vce upto which collec- 
tor current /c changes is called the knee 
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Fig. 
voltage (Vknee). The transistors are al- 
ways operated in the region above knee 
voltage. 
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VcE 


Fig. 
Above knee voltage, Oc with increasing 
Vce is caused by the collector depletion 
layer getting wider and Capturing a few 
more majority carrier before electron- 
hole combination occurs in the base area. 


For any value of Vcgabove knee voltage, 
the collector current Ic is approximately 
equal to 8 x /g. 

Output resistance: It is the ratio of change 
in collector emitter voltage (A Vce_) to the 
change in collector current (A/,) at con- 
stant Ig. 
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AVce 
Al. 


Common collector amplifier: \n this ar- 
rangement, input is applied between the 
base and collector while output is taken 
from the emitter. Here collactor of the 
transistor is common to both input and 
Output circuits and hence the name is 
common collector. 

Current amplification factory): The ratio 
of change in emitter current (A/c) to the 
change in base current (A/a) is known as 
current amplification factor in common 
collector (c.c) arrangement /.é., 


Output resistance, fo = 


b 
Signal e 
ee 


Fig. 
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Ale 
vo-- 
’  Alg 
Relation between y and a, y= re 
Current gain (or current amplification 
factor): (i) \t is defined as the ratio of 
smali change in the collector current to 
the small change in the emitter current at 
constant collector voltage. 
8/ 
a= | — Vc (Ve is constant) 
5/, 
(ii) Input resistance: \t is defined as the 
ratio of change in emitter vase voltage to 
the emitter current. 


bV- 

df 

(ii!) Output resistance: It is defined as the 
ratio between the change in collector 


base voltage and the change in collector 
current. 


Input resistance = 


Output resistance = bv 
bi. 
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It is very high (= 10°2).). 


(iv) Resistance gain: It is defined as the 
ratio of output resistance to the input 
resistance. 


Fig. 
Resistance gain = Output resistance 
Input resistance 
Au 


Vo 
(v) Voltage gain= 2 oR 


i.e, Voltage gain = Current gain 
Load resistance 
Input resistance 
(vi) Power gain: It is defined as the ratio 
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of output power to ine input power. 
Power gain =: Current gain x voltage gain. 


Oscillator: An electronic device which 
produces undamped electrical oscilla- 
tions of very high frequency 's called an 
oscillator A circuit consisting cf induc- 
tance L; in parallel with a capacitor C; 
oscillates with trequency f given by 


1 


~ 2nvlsrCy 


But these osciltations are damped due to 
power loss in the resistance associated 
with the inductance. For maintain the 
oscillation in L1-C; circuit it is essential to 
supply the energy in proper phase So as 
to meet the losses. 


The feedback coil Lz in the base Circuit is 
magnetically coupled to the tank circuit 
coi, Ly In practice Ly and L2 form the 
primary and secondary of the trans- 
former. When the switch S 1s closed, 
cullector current stants increasing and 
cnarges the capacitor C;. When this 
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capacitor is fully charged, it discharges 
through L;, setting up oscillations of fre- 
quency determined by expression given 
above. These oscillation induce some 
voltage in coil L2 by mutual inductance. 
The frequency of voltage in coil Lz ts the 
same as that of the tank circuit. The 
voltage across Lz is applied beiween the 
base and emitter and appears in the 
amplifiedforminthe collector circuit, thus 
Overcoming the losses occurring in the 
tank circuit. The phase of feedback must 
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be correct /.e., energy supplied to the 
tank circuit is in phase with generated 
oscillations. 
A phase shift of 180° is created between 
the voltages of L; and L2 due to trans- 
former action. A further phase shift of 
180° takes place between base emitter 
and collector circuit due to transistor 
property. The energy of feedback to the 
tank circult in phase (180° + 180° = 360°). 
Modulation: \|n order to make speech or 
music (called audio frequency signal) to 
.be heard over long distances, the audio 
frequency signal ls superimposed over a 
very high radio frequency signal (i.e., a 
carrier wave). The process of superim- 


(Audio signal) 


Fig. 
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posing audio frequency signals on radio 
frequency signals is called modulation. 
The modulated R.F. wave is transmitted 
from radio station. These waves reach 
the receiver antenna of a radio or transis- 
tor 

Demodulation: The process of recovering 
the audio signal from the modulated 
wave is known as demodulation or 
detection. 


(Carrier or RE) 
x Wave 


! 


(Modulated R.F. wave) 


Diode as detector: A simple detector cir- 
cuit employs a vacuum diode and filter 
circuit. The modulated wave of desired 
frequency Is selected by parallel tuned 
circuit L; C; and is applied to the vacuum 
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Fiq. 


~ 


diode During +ve half cycles of modu- 
lated wave, the diode conducis white 
during -ve half cycles it does not. The 
rectified modulated wave contains radio 
irequency and the audio signal. Tine rf. 
Viave is filtered by the capacitor C 
shunted across the speaker. The value 
of this capacitor is sufficiently large to 
present low reactance to r.f. component 
while presenting a high reactance to the 
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audio signai. The result is that the rf. 
component is by-passed by a capacitor 
CG and the signal is passed on to the 
speaker for sound reproduction. 
Cathode ray oscilloscope (C.R.O.) : 
Cathode ray oscilloscope is useful in 
determining the wave form and nature cf 
current and voltage precisely. This is 


LAnode[]] Anode 
(300- 400v) (800 4000) 


Fig. 
commonly employed as a display screen 
for television, computers etc. It consists 
of an electron gun comprising ot a fila- 
ment F, a gird G and anode A;, A2. The 
electronbeam coming out of the electron 
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gun can be deflected by electric field 
applied onplates YY and XX. In cathode 
ray oscilloscope signal! (which ts to be 
investigated) is fed on YY plates anda 
saw tooth wave Is given on XX plates. 
The frequency of the saw tooth wave Is 
varied in such a way that Its frequency is 
synchronised with the frequency of the 
signals. Therefore a stationary picture of 
wave l|s formed on a screen coated with 
flourscence material. 


MAGNETISM 


Magnetic Poles: These are the regions ir 
the body of a magnet where the power of 
attracting iron fillings ts found to be max- 
imum. 

In every magnet there are iwo poles |.e. 
south pole and north pole. 

Magnetic axis: It \s the line joining the two 
poles of a magnet inside its body. 

Magnetic meridian: tt \s that vertical plane 
which passes through the magnetic axis 
of a freely suspended magnet. 

Magneticlength: The poles of amagnet are 
not usually located at its ends, but slightly 
inside the body. The distance between the 
poles fs called magnetic length. 

Magnetic substances: The substances 
which are susceptble to magnetic in- 
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fluence are called ;‘nagnetic substances. 
e.g. iron, steel, nicks | etc. 

Magnetic equator: A tine perpendicular 10 
magnetic axis and passing through the 
middie point of the magnet is called 
equatonial line or inagnetic equator. 

Coulomb's law of force: The force of at- 
traction or repulsion F, between two like 
orunlike poles of strength, m7, M2C.G.S. 
units place! af a distance ‘dc’ apart Is 
given by 


pe [HIM 
wd? 
where p=  corstant known as per 


meability of the medium. 
Forair p= 1 GS. units. 

Unit Magnetic Pole: In electromagnetic 
CGS. systerr a unit magnetic pole is 
that pole which when placed in air 
‘vacuum) at a distance of 1 cm from an 
equal and simiiar pole repels it with a 
force of 1 dyne. 
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Field Strength of Magnetic Intensity: At 
a point in the magnetic field, itis the force 
experienced by a unit north pole placed 
at that point. provided and north unit pole 
does not change the field 


Unit of magnetic intensity - Oersted. 


The intensity at a point is one oersted if 
a unit north pole at placed that pcint 
experiences a force of 1 dyne. 
Magnetic Moment (M): of a magnet is 
defined as the moment of a couple acting 
on it when placed perpendicular to 
uniform magnetic field of unit intensity. 
Numencally 
Mf=mx 21 
where 
m = pole strength. 
21 = effective length of magnet. 
The couple, C: action on a magnet placed 
in a uniform magnetic field of intensity H 
iS given by 
C=MHsine 
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where 


6 = angle made by the magnet with the 
field. 


Magnetic Intensity (Ha) due to a bar 
magnet at a point on the axial line (end on 
position) is given by 


_ 2.Ma 
(f - Py? 
where Mz= magnetic moment of mag- 
net 


d= distance of the point from the 
centre of the magnet. 


2d= effective length of magnet. 
if | is very small as compared to gd, then 
2m 
ri 
Magnetic Intensity (He) at a point on the 


equatorial line (Broad side on position) is 
given by 


Ha 


Ha= 


M 


He = (d2 + [2 
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where d = distance of the point from 
the centre of magnet. 
2/= effective !ength of magnet. 
If /is very small as compared to d, then 


He = o 
Intensity (H) at a point P due toa short 
bar magnet 


It is given by H= > V3 cos? 6 + 1 
where r = distance of the point P from 
the centre of magnet. 
8 = angle made by the line join- 
ing point P and mid point O 
of the magnet with magnetic 
axis of the magnet. 
Work done in deflecting a magnet in a 
uniform field 
Work done (W) in deflecting a magnet of 
magnetic moment M through an angle @ in a 
uniform magnetic field of strength H is given 
by W= MH (1 - cos 6) 
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Magnetic Potential 


Magnetic potential at a point in a mag- 
netic field is numerically equal to the work 
done in ergs in bringing a unit north pole from 
infinity to that point against the direction of 
the field. The magnetic potential, V, at any 
point due to a single pole strength m is given 
by 
Ui 
d 

where d =distance of the point from the 
single pole. 

V is positive for north pole and V is nega- 

tive for south pole. 

Magnetic shell: \t is a thin sheet of mag- 
netic material of any shape which is so 
magnetised that one face shows north 
pola-rity and the other face shows south 
polarity. 

It can also be defined as a thin sheet of 
magnetic matenal, magnetised at every 
point in a direction normal to shell. 


V=t 
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The strength of the magnetic shell (o at 
any point is the product of intensity of 
magnetisation (I) {i.e. magnetic moment 
per unit volume] and the thickness (t) of 
the shell. 


b=/xt 


Magnetic Potential due to a Magu.:tic 
Shell: Magnetic potential (V) due to a 
magnetic shell at a point is numerically 
equal to the product of the strength of 
magnetic shell (¢) and the solid angle 
(Q) subtended by the boundary of the 
Shell at that point. V=6.Q 


For a closed shell the potential at a point 
inside it will be equal to 499 and at a point 
outside it will be zero. 


Magnetic Elements of Earth's Field 
Declination (8): The declination 6 at a 
Place is the angle between the 
geographical meridian and magnetic 
mendian at that place. 


Dip, (inclination), 9: The dip at a place is 
the angle which the earth's field makes 
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with earth's surface at the place. 


Horizontal component of Earth's Field 
(H): Ata given place, H, is the component 
of total intens.v of the earth's magnetic 
field, |, along the horizontal in the magnetic 
mendian at that place. The total intensity, 
{, of the earth's magnetic field can be 
resolved into two components, one verti- 
cal(V) and the other honzonta! (H) 


V=lIsing 
H=Icoso 
V/H=tano 
ve +H? =! 
Dip Circle: It is an instrument that is used 
to determine the magnetic dip at a place. 


The value of dip increases suddenly 
when we approach a locality of iron ore. 


lsoqonic lines: These are the lines which 
join places of equal declination. 


Agonic line: This is the line of zero 
declination. | 


lsoclinic lines: These are the lines which 
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join the places of equal dip or inclination. 

Aciinic tine: is the line joining places of 
zero dip. This line is also known as mag- 
netic equator and goes neary side by 
side with geographical equator. 

lsodynamic lines: are lines joining places 
of equal H, the honzontal component of 
earth's magnetic field. 


H is zero only at two poles where the 
magnetic needle remains perfectly vertical. 


Note: The magnetic elements (6, ¢ and 
H) at a place are not fixed (constant) per- 
manent'y. They are found to change regular- 
ly as well as abruptly. The changes are 
Classified as follows: 

(i) Diurnal changes (ii) Annual changes. 
(iii) Secular changes (iv) Abrupt changes. 

Relation between magnetic elements: |f 

Ris the total magnetic intensity along OC 

and 6 is the angle of dip (see fig.) The H 

= R cosé along OA and the vertical com- 

ponent 


V =R sin 8 along OB. 
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He R COS6@ 
Q 


WR Si 


; V 
and tan aQ = 
H 


Magnetic and Non-magnetic substan- 
ces: Those substances which on being 
paced in a magnetic field get attracted 
by magnet are KNOWN as Magnetic Sub- 
stances !.e. Fe, Co, Ni. Those substan- 
ces which on being piaced in a magnetic 
field are not attracted by magnet are 
called non-magnetic substances. 


Classification of Magnetic substances 
They are classified as:- 
i) Onaimagnetic substances 
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(ii) Paramagnetic substances. 
(iii) Ferro-magnetic substances. 


Diamagnetic substances are those 
substances whicti on being placed in a mag- 
netic tield get teebly magnetised in direction 
opposite to that of the magnetising field. 
Such substances get repelled when brought 
near a strong magnet. This property of 
diamagnetic substances is known as 
diamagnetism. 


Examples of diarmagnetic substances: 


Bismuth (Bi), Hydrogen (H2), Nitrogen 
(N2), Water (H2O), Common sat (NaCl), 
Diamond (C), Gold (Au), Silver (Ag), Copper 
(Cu), Zinc (Zn), Mercury (Hg) etc. 

Paramagnetic substances are those 
substances which on being placed in a mag- 
netic field get feebly magnetised in the direc- 
tion of the magnetic field. 


Such substances, get aliracted towards 
the magnet, when brought near a strong 
magnet. This property of paramagnetic sub- 
stances is called paramagnetism. | 
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Examples of Paramagnetic substances 


Aluminium (Al), Sodium (Na), Platinum 
(Pt), Maganese (Mn), Copper (Il) chloride 
(CuCk), Oxygen (O2) etc. 

Ferromagnetic substances are thosu 
which on being placed In a magnetic field get 
strongly magnetised in the direction of the 
magnetic fleld. 


Ferromagnetic substances when 
brought near the magnet get very much at- 
tracted towards the magnet. This property of 
ferromagnetic substances is known as fer- 
romagnetism. 


Examples of Ferromagnetic substances 


Iron (Fe), Nickel (NI), Cobalt (Co), Mag 
netite (Fe3xO.) etc. 

Some properties of Magnetic Sub- 
stances Permeability when a magnetic 
substance |s placed In a uniform magnetic 
fleld (where lines of force are parallel) nun. 
ber of lines of force are seen to be crowed 
through the substance. The conducting 
power of the substance for the lines of force 
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ls called permeability. It Is taken as unity for 
alr. B= pH. 


Susceptibility: If a bar of tron is placed In 
a magnetic fleld, t gets magnetised and 
pole strength or magnetisation depends 
upon the strength of magnetic fleld. Thus 
HH Is the magnetic field and o !s the 
resulting Intensity of magnetisation then 
6/H=k is the susceptibility of the 
specimen. The value of k (susceptbility) 
and » (permeability) are high for fer- 
romagnetic substances. 


(k) Susceptbility ls Inversely proportional 
to ts absolute temperature. 


1 
ka T 
This Is known as Curle’s Law. This law 
holds good upto a temperature known as 
curle temperature. 


The value of permeability ls more than 
unky (1 > 1) for para magnetic substances. 
For such substances susceptibility (k) has 
small positive values. 
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For diamagnetic substances (pt < 1) 
ana (k has negative vaiues) 
Relation between magnetic susceptibility 
and Permeability 


cen! 
an 
Rules tor Polarity of Magnetism in a coil 
carrying a current 
(t) Ena Rule; When looking al the end of 
the bar if the current is seen in the coil in 


anticlock wise motion, the end will be 
rarth pote. 


One 
aS cl ey 


Hand Rule: Hold the thumb of right hand at 
right anglesto the fingers. Place the hand 
ON wires with the palm facing the bar and 
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fingers pointing inthe direction of current, 
the thumb will point towards the north 
pole of the bar. 

(iii) Ampere’s Rule: imagine a man swim- 
ming in the circuit in the direction of the 
current, with his face towards the bar, 
ther his left hand will point towards north 
pole of the magnet. 


Magnetic Flux: it is given by 
>> 


o=B6,A 

where 

A = zrea of surface. 

unit of magnetic flux (9) is weber. 
Weber: One weber is the magnetic flux 

linked with a surface of magnetic field 

one Tesla over an area of 1m 

1wb = 1 Tm? 
Tesla or 1 amper-metre is the S.1. unit of 
magnetic intensity (H) 


Tesia:One tesiaisthe magneticiield acting 
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at a point if one coulomb charge moving 
with 1m/s velocity through that point at 
right angles to the fleld experiences a 
force of 1 Newton. 


magnetic fields of strength F and H at 
right angles to each other, the magnet 
comes torestina certain position making 
an angle with H. In this position the mo- 
ment of couple due to the field H is equal 
and opposite to the moment of couple 
due to field F. So 


F=Htane 
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Deflection Magnetomete~™ 

(i) End on position on Tan A or Gauss 

A Position 

2Mr 
HP - A? 
(li) Broad-side on position, or Tan B 

or Gauss B Position 

M ye 


tan 6 = 
He +P 


Vibration Magnetometer: The period of 
oscillation (t) of a freety suspended mag- 
net in a field of strength His givenby | 


tan 6 = 


VI 
t=2n MH 
where 
(= moment of Interia of oscillating mag- 
net. 


2 2 
and is (length) + Bread) 


NUCLEAR PHYSICS 


Composition of nucleus: The nucleus of 
an atom is composed of proton and 
neutrons whose mass are respectively. 


my = 1.673 x 10°?" kg = 1.007277 a.m.u. 


Mn= 1625 x 10%’ kg = 1.008665 a.m.u, 
The proton has a charge ot +ve where 
e-16~1 ‘8C and neutron Is un- 
charged. Picton and neutrons are jointly 
called nucleons. The nucleus forms are 
sinal(cantra( hard core of anatcm. {tthus 
catries a positive charge. The electrons 
revoive around it in circular orbits. The 
postive charge on the nucleus is equal 
to ne total negative charge of all the 
electrons. Almost the whoie mass of an 
atom ts concentrated in the nucleus, be- 
444 
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Cause total mass of electrons is negli- 
gible. The dimensions of nucleus are 
much small. The radius is estimated to 
be about 10° ° of the radius of the atom. 
Atomic number (2): The number of 
protons (or the number of electrons) is 
called the atomic number (Z) of the atom. 
Atomic mass number (A): The total num- 
ber of nucieous (/.e., sum of number of 
protons and number of neutrons) is 
called the mass number (A) of the atom. 
Isotopes: The atom of an element having 
the same atomic number (Z) but different 
mass number (A) are called isotopes. For 
example, hydrogen has three isotopes. 


1. Hydrogen 1H’ consists of 1 proton 
and no neutron. 

2. Deuterium ;H? has 1 proton and 1 
neutron. 

3. Tritium :H® contains 1 proton and 2 
neutrons. 


Chlorine has two isotopes 17CI°, ,7C"”, 
isobars: Nuclei on atoms of different ele- 
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ments which have the same mass num- 
ber but different atomic number are 


called isobars. For example 20Ca“? and 


seAr” are isobars. They have entirely 
different chemical and physical proper- 
ties. Similarly, 27Co°* and 2gCo”” are also 
isobars. 

Bainbridge mass spectrograph: 
Bainbridge mass spectrograph is 
modern spectrograph to analyse the 
presence of isotopes present in a 
sample. It is based on the principle that 
the deflection of any individual ion in 
magnetic and electric field depends on 
the ratio of its mass to electric charge. 
This consists of positive ions from a 
source is allowed to.pass through a tube 
T with slits S; and: 3, at each end. When 
ions enter the tube through slit S;, they 
are subjected to @lectric field and mag- 
netic field. These fields are applied in 
such a way that electric field deflects the 
ions from left to right, while the magnetic 
field B& defects the ion in opposite direc- 
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tion. Hence the ion experience two forces 
which are in equilibium, then BewEe 
E 
or v=— (4 
; (1) 
The radius rof the inflected ion is given 
by 


mv = Bev _..(2) 


From equation (1) and (2) 


ae LG Photographic Pate 
+2 
{ 


Fig. 
Electron voit (eV): \t is defined as the 
energy acquired by an electron when it is 
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accelerated through a potential dif- 
ference of 1 volt 


1 eV = (1.602 x 10° '9 coulomb) x (1 volt) 
1 eV = 1.602 x 10 '9 joule 


1 MeV = 10° eV = 1.602 x 10° "7 yu. 


Atomic mass unit (a.m.u.): Atomic mass 
unit is taken to be 1/12th of the actual 


mass of carbon isotope 6C*?. 
tamu. =1.66x 10°’ kg 
1am.u. = 931 x 10° eV = 931 MeV. 


Binding energy of the nucleus: is defines 
as the energy required to decompose a 
nucleus into its constituent nucleons and 
place them at rest at infinite distance 
from one another to avoid their chances 
of recombination. 


Density of Nucleus: 


4 
Since volume of nucleus = V = 3" R&A 


=7.24x 10 *Am° 
So its density will be 
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: mass 
density = 
volume 
Mass of nucleus of mass number 
A = M(let) 
or M=Aa.m.u. 


= 1.66 x 10 7” Akg 

_ 1.66 x10°27A 
7.24 x 10° “5A 

= 2.293 x 10'” x Kg/m? 


The density of nuclei is independent of its 
mass number, all the nuclei have ap- 
proximately same density. 

Mass defect: The difference between the 
actual mass of the nucleus and the sum 
of the masses of the constituent 
nucleons is called mass defect. Thus 
energy equivalent to mass defect is the 
measure of the binding energy of the 
nucleus. 

Average binding energy per nucleon: 
Dividing the binding energy of nucleus by 
the number of its nucleons we get 


Thus D 
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average binding energy per nucleon. 


Binding energy: The protons and 
neutrons are held together within the 
nucleus by strong nuclear forces. Now if 
we want fo disrupt the nucleons, some 
energy has to be applied. This energy is 
called binding energy ard !s defined as 
the energy required to decompose the 
nucleus into its Constituents nucleons. 


The mass of nuclei is less than the sum 
of masses of nucleons. This mass dif- 
ference is called mass defect. The ener- 
gy equivalent to this mass defect is called 
binding energy. 

Binding energy per nucleon: Binding 
energy divided by the total number of 
nucleons present within the nucleus is 
called as “binding energy per nucleon”. 
If we plot a graph between the mass 
number(!) and the binding energy per 
nucleon (in MeV) the graph ts as shown 
infigure The binding 2nergy per nucleon 
is generally constant (about 8.5 MeV) for 
nearly allelements exceptvery light ones 
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and for heavier elements its value is 
Slightly less than average (8.5 MeV). Tris 
decrease in binding energy per necleon 
for Jlarge mass number is due to the 
coulomb repulsion between the protons 
which makes the nuclei Jess stable. 


Binding Energy per 
qucloun (Me \) 


Ata. Nomber (A) —o 


Fig. 

Nuclear forces: The nuclear forces are 
Strong attractive forces, which bind the 
nucleons (protons and neutrons) 
together in the nucleus of anatom. These 
forces are neither gravitational nor 
electrostatic innature. Nuclear forces are 
of three types: 
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(i) The forces between two protons (pp 
force) 
(ii) The force between two neutrons (nn 
force) 
(iii) The force between a proton and a 
neutron (en force) 
All these forces are attractive and are of 
the same order. 


Properties of nuclear forces 


Short range: These forces are effective 
only within a very short range of the order 
of 10° '° m. They fall rapidly with dis- 
tance. Coulomb's law is not applicable to 
these forces. 

Strong interaction: These forces are dif- 
ferent from gravitational or electric for- 
ces. We call it strong interaction force 
which perhaps the strongest force known 
in Nature. 

Charge independent: Nuclear forces be- 
tween proton , proton-neutron and 
neutron-neutron is of the Same order in- 
spite of the fact that there is also repul- 
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sive force between protons and protons. 


Transmutation: The conversion of one 
element into another by artificial means 
is called artificial transmutation of ele- 
ments. 


Fig below shows the method of artificial 
transmutation of nitrogen intc oxygen. G 
is a glass cnamber filled with nitrogen 
gas. Fis a radioactive source of a-par- 
ticles. The open end of the tube is 
coveréd by a thin silver disc D, S is the 
fluorescent screenandthe scientillations 
on it can be observed by a high-power 
microscope M, when a-particles strike 
the nitrogen nuclei, scientillations are 
produced which are due to protons (i.e., 
hydrogen nuclei). The nuclei reaction 
may be symbolically represented as 


sHe' +7n'4 a pO! 44 H! 


By artificial means a nitrogen nucleus is 
converted into a oxygen nucleus. 


‘Nuclear charge = Atomic number x 
Charge of a proton. 
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Fig. 
=2« 1.6 x 10° '? coulomb. 


Nuclear Mass: \t is equal to the sum of 
masses of protons and neutrons minus | 
the mass defect. 


Mass of nucleus = ZM,+(A- 2) Mn-Am 
2 = Atomic number = number of protons. 
A= Mass number = number of protons 

+ number of neutrons. 
Mp = Mass of a proton. 


Mn = Mass ol a neutron. 
Ame mass defect. 
Nuclear reaction: The process of convert- 
Ing one element into another by artificial 
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means is called a nuclear reaction of 
transmutation. 

Example: When an particle interacts with 
the nucieus of a nitrogen atom oxygen is 
produced. This reaction can be written 
as. 


4He + MN —---> 12054 


Conservation of charge: |n a nuclear 
reaction, the total charge of the reactant 
particles remains equal to the total 
charge of the product particles. As for 
exarnple in the reaction. 

7N'4 + 2He* -—_—"S 20" + iH! 
The total charge of the reactant particles 
is (7+2)=9 and total charge of the 
product is (8 + 1) =9 units. So the total 
charge is conserved. ; 

Conservation of energy: |In a nuclear 
reaction the total energy of the atoms 
before and after the reaction remains the 
same. The total energy of any particle is 
the sum of rest mass energy and kinetic 
energy. 
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Nuclear size: The nuclear raaius ‘s directly 
proportional to cne third power of mass 


number (A) 
Thus Aa Al? 
or f= Ro AY? 


where G.=14.2x 107 3 hy 
Tre voluti2 of nucleus is then given by 


.S 


4 
Va tm R= SRReA 
3 3 


VaA 


Thus volume of nucleus is cirectly 
proponional to mass number (A). 


Discovery of neutrons: Chandwick found 
that when a-particles trom a polonium 
source are bombarded on berylilum me- 
tals, a highly penetrating radiations are 
emitted which are not affected by an 
electric or magnetic field. By applying 
laws of conservation of energy and 
momentum to the emitted protons. He 
concluded that penetrating radiations 
consisted of uncharged particles having 
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mass nearly equal to the mass of a 
proton. 

Properties of neutrons: The mas: of 
neutron is about 1939 times the mass of 
an electron. 


They have no charge and are present in 
the nuclei of all elerments except that of 
hydrogen. 


Inside the nucleus, neutrons are quile 

Stable, but outside the nucleus they exist 

for a short time. A free neutron decays 

Into a proton, an electron and an an- 
_ tineutrine. Symboliically 


oN" —_—-~ 1H’ + yelay? 


Since, neutrons have no charge, so they 
are not subjected to coulomb forces and 
hence they can easily penetrate even 
heavy nuclei. When 92U*"° is bombarded 
by a slow moving neutron it brings about 
_huclear fission releasing tremendous 
amount of energy. 


Thermal neutrons: Slow moving or low- 
energy neutrons are those whose energy 
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is very much less than 1eV, actually near 
4 
t -—— at room temperature. 
abou at lemperat They 


are in thennal equilibrium with the matter 
through which they pass. That Is why 
they are referred to as thermal neutrons. 
Devices for slowing down fast moving 
particles are called moderators. 


Natural radioactivity: The nuclei of 
several elements of high atomic weight 
(such as uranium, radium, etc.) are un- 
Stable and undergoes spontaneous dis- 
integration (breaking up) into more stable 
ces. This phenomenon is called natural 
radioctive decay or natural radioactivity. 
The radioactive decay.occurs with the 
emission of either a-particles or (-pai- 
ticles or y-patticies. Natural radioactivity 
is a nuclear phenomenon and such dis- 
integration change the nucleus of one 
element into that of another. 


Artificial radioactivity: Naturalty occur- 
ring radioactive element polonium emits 
a-particles. When these a-particles are 
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bombarded against Al or B, it was ob- 
served that the bombarded substances 
(i.e., Al or B) continued to emit radiations 
even after the source of a-particles had 
been removed. This means that radioac- 
tivity has been induced in Al. So the 
phenomenon accordingto which we start 
with a stable element and with the help 
of a nuclear reaction produce a radioac- 
tive element artificially is called artifida 
(or induced) radioactivity. | 
Radio-isotopes: The artificial radioctive 
substances can be produced when par- 
ticles like neutrons, deutrons, a-par- 
tlcles, protons etc, are bombarded 
against certain targets. These artificially 
producedisotopes which axhibit radioac- 
tivity are called radioactive isotopes or 
simply radio isotopes. 
Example. 


7N'3 —> 6N'? + 184+ V°. Here 2N'* is a 
adio-isotope of ordinary nitragen. 
Use of isotopes: in medicine, agriculture, 
industry and for tood preservation. 


SUR UNIVERSE 


Universe: Everythi that exists ts included 
in unWverse. :t consists of the solar system, 
Stars, planeis, galaxies etc. There are bil- 
lions of other galaxies like our solar system 
(also called milky way) in the sky. All such 
galaxies forn the universe. The three main 
constitutents of universe @re (I) solar sys- 
tem (ii) stars and (it) galaxies. 

Main constitutents of universe: 99% of 
the whole substances, contained in the 
universe, consists of two elements. These 
elements are hydrogen, and helium. All 
other elernents presem in the universe 
account for 1% of the matter only. 

Solar system: it is the name given to the 
family of the sun. Earth is a part of the 
solar system. It consists of sun, nine 
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plarets, asteroids, comets and meteors. 
Thus the bodies that revolve around the 
sun form the solar system. 

Galaxy: A vast collection of stars is known as 
galaxy. These stars are held together by 
forces of attraction due to gravity. Galaxies 
exist in different ways. The two most com- 
mon shapes are elliptical and spiral. Stars 
are not distnbuted uniformly in space. 

Stars: Fiery luminous heavenly bodies are 
known as stars. Temperature of stars is 
very high and they continuously emit 
light. There are about 3.1 x 10°" stars in 
the universe. Sun is the nearest star, that 
we see. Stars are made up of vast clouds 
of hydrogen gas, and emit light con- 
tinously due to fusion of hydrogen. itis a 
continuous process. Thus stars emit light 
continuously. 

Naked eye stars: The stars that are visible 
\o the naked eye are known as Naked eye 
stars. There are about 5000 naked eye 
stars. Our eye can see about 2500 stars 
at a time. 
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Light year: \t is the distance travelled by 
light In one year. 


1 light year = 9.46 x 10'* km. 

1 Parsec = 3.26 light years. 

Billions of stars are so far away, that it 
takes millions of years to reach their light 
to the earth. The distance of such stars 
is Measured in light years. 

Sun: Sun is a juminous mass of average 
size. The mass of sun is 740 times the 
entire mass of all the planets of the solar 
system. It is the main source of energy 
forthe solar system. Sunlight takes near- 
ly eight minutes to reach the earth. The 
surface temperature of the sun is $800 
K. The temperature in the interior of the 
sun is about 20 billion K. The diameter of 
the sun is 1.4 ~ 10° km. The distance of 
the sun from the earth is 1.5 x 10"! km. 

Plants: The solid heavenly bodies that 
revolve around the sun are called 
planets. The solar system consists of 
nine planets These are Mercury, Venus, 
Jupiter. Earth. Mars, Saturn, Uranus, 
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Neptune and Pluto. 
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Constellations: On a mooniess night, 
Stars appear inthe form of closed groups, 
and form recognizable shapes and pats 
tems, known as constellations. The Indian 
name for constellation is Nakshatra. 
Some important constellations are ursa 
major, ursa minor, cosstopeia and orion. 


Mercury: It is the smallest planet of the 
solar system. It is nearest to the sun. It 
revolves around the sun in 88 days. It 
also takes almost same time to complete 
one rotation about its own axis. From the 
earth, it appears as Moving star towards 
the east in the moming (before sunnse) 
and towards the west in the evening 
(after sunset). 


Venus (Shukra): \t is the bnghtest planet 
as seen from the earth. In the universe it 
outshines everything except the sun and 
the moon. It is second in order of the 
distance from the sun. It completes one 
revolution around the sun in 225 days. 


Earth: it is the third distant planet from the 
sun. Earth is the only planet of the solar 
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system having life on it. Life is possible 
on earth because it has plenty of water 
and atmosphere. It is neither too hot nor 
too cold. No other planet of the solar 
system has similar conditions. Thus life 
is not possible on them. The earth has 
atmosphere upto several hundred 
kilometers. Earth has one Satellite called 
moon. But the earth has the following 
four independent motions. 

1. motion in space along the sun as part 
of the solar system. 

2. rotation of the earth around its own 
axis. It is also known as spinning of 
the earth. Rotation of the earth 
around its axis Ca.‘ses day and night. 

3. the revolution of the earth around the 
sun, and 

4. the precession of the axis of its rota- 
tion. 

Kepler's laws of motion: proves that 


1. The orbit ofa planet, revolving around 
the sun is an ellipse with the sun as 
one of foci. 
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2. The planet moves around the sun in 
such a way, that the line joining the 
planet, tc the sun, sweeps equal 
areas in equal intervals of time. 

Mars: \t is slightly «_ddish in appearance. 
Due to this difference in colour it is easily 
distinguished trom planets. It is said that 
mars may have lite. However, itis still not 
Clear as yet Mars has two small natural . 
Satellites. 

Saturn: {1 is one of the most impressive 
Satellites as viewed by a microscope be- 
cause it possesses a Set of well 
developed rings about it. These rings are 
composed of small particles and rocks 
measuning few kilometers in size. 


CD 


Fig. The Satum (Shani) 
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Jupiter: \t is the largest planet of the solar 
system. It takes more than twelve years 
to make a revolution around the sun. It 
has more than dozen satellites (moons). 


Uranus: Willium Herschel discovered this 
planet in 1781. It is situated next to 
Satum. It has four satellites. The most 
interesting feature of this planétis its 
rotation about its own axis. It ‘revolves 
from east to west whereas all other 
planets rotate from west to east. 

Pluto: It is the farthest planet of the solar 
system. it is a very cold planet and no life 
is possible on it. 

Neptune: It was discovered in 1846 by 
Frenchastronomer called U. J. Leverrier. 
No life is possible on it. 


Super nova: These are super stars of the 
universe. The rate of production of ener- 
gy of these starts is so high that they are 
on the verge of extinction. 

Neutron star: These are stars of extremely 
high densities. The radius of these stars 
is of the order of 10 km. 


468 Physics 


Asteroids: Asteroids are very small 
planets of rock and metal, which revolve 
round the sun, mainly between Mars and 
Jupiter. The size of asteroids varies from 
lew metres to 750 km in width. 


Meteors: Many times streaks of liqht are 
seen in the sk during the night. These 
lights disappear within seconcs. It is 
known as meteor or shooting star. 
Metears ate formed either by dust par- 
ticles left behind by comet or by the col- 
lisinn o. pieces of asteroids. 


Meteorite: | is the fragment or high part, 
that may reach the earth's surface on 
Haing bumt It does not bum completely 
on entenng the earth's atmosphere and 
lands on cinth. These can be said as 
stanes entering the earth fror. (he sky. 


Comets: A cometis a collection sf gas and 
dustwhich appears as a bright b- lof light 
Inthe sky with a long flowing tau. The tail 
fa comet always points away from te 
sun Comets revolve arounc “he sun fixe 
oLinets However, their penoc of revolu- 
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tion, around the sun is very large. 
Hailey’s comet has a period of revolution 
of 76 years. It was last seen from the 
earth in 1986. 


Protostar: After the formation of a star, the 
cloud ot gases began to contract. The 
contraction of gases occurs due to force 
of gravity between the molecules. This 
contracting mass is known as a protos- 
tar. 


Big Bang: Alithe bodies of the universe are 
not statlonary but receding from each 
other. Thus the universe is expanding 
continuously. Some time in the past, 
some event must has happened when 
universe started expanding. It is known 
as big bang. 

Astificial satellites: The super crafts sent 
by men to encircle the earth is known as 
aniticial satellite. These are called as 
Satellites, because they evolve around 
the earth inthe same way as the planets 
revolve around the sun. The first Indian 
artiticial satellite is named as ‘Aryabhatt. 
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Difference between a star and a planet: 


Star | Planet 
[A star has its own!/A planet has no light 


light and emits it}of its own. It shines 
continuously. on receiving light 
trom the star. 


Stars twinkle atiPlanets do not 
twinkle at all. 


small in size. 


Star is abig mass of/Planets are solid 
extremely hot gas. jbodies made of 
rocks and minerals. 


Stars do not change |Planets are 

their relative(|changing _ their 

positions inthe sky. {relative positions 
continuous 


Energy Generation in the sun: How sun 
is emitting energy continuously ? Answer 
to this question was given by physicist f. 
Hans Bethe in 1939. He said that the 
intenor matter of the sunis converted into 
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energy, Inaccordance with the Einstein's 
energy equation, E = mc’, 


where E = energy released 
m = mass defect 
and c = velocity of light 


It Is assumed that the sun {s tosing 
4 x 10° kg of mass per second and whole 
of this mass Is converted into energy. it 
radiates energy at a rate of 10% J per 
second and Is the main source of energy 
forall the planets of the solar system. The 
earth recelves only a part of his energy. 
One third of the energy Is reflected back 
by the earth's surface. Similarly other 
members also reflect energy into the at- 
mosphere. This reflection of light from 
the earth’s surface make us to see ob- 
Jects. Sun Is the head of the solar farmity 
and main source of energy to the earth. 
Life on earth ts possible onty due to sun. 
The surface temperature of the sun {s 
5800 K. No material can remain in solid 
or liquid state at this temperature. As 
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such, sun can be said as a nuge ball of 
gases. The temperature at the centre of 
the sun is estimated to be about 20 billion 


K. /.6.20 x 10°K. 
important Data of the Sun 


Measurements/ 
values 


times the 


1200 times the 
surface area of the 
earth. 


1300000 times the 
volume of the earth 
20 x 10° K 

5800 K 
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Solar constant 


Pressure at the 2x 10'? N/m? 
centre 


Venuses: Just like the moon, the Venus 
also shows phases i.e. increase and 
decrease in size. The phases of the 
mcon can be seen with the naked eye. 


The phases of Venus can be observed 
with the help of a low power telescope 
and a good pair of binoculars. The 
phenomenon of occurrence of phase in 
planets is described below. Planets are 
visible to us on account of reflection of 
sunlight from their surfaces. The various 
positions of the Venus while moving in its 
orbit aroundthe sun are shownin Fig. (a). 
The part of the planet, on which sunlight 
falls ls shown clear. The part away from 
the planet, that does not receive any light 
is shown shaded in the figure. From the 
earth, we see only the lighted part of the 
planet. 


Due to this reason, we obtain different 
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phases in Venus. The full Venus is far- 
thest from the earth and smallest in size. 
Formation of Day and Night: We know 
that earth is rotating continuously about 
its aus. This rotation of the earth about 


trreatest elongation (E} 
7 
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Fig. Motion of Venus 
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its axis causes day and night. The part of 
the earth facing the sun, receives sun- 
fight. This period, during which sun is 
visible from the earth is called day. The 
part of the earth that does not receive 
sunlight Is called the night. The con- 
tinuous rotation of the earth around its 
axis, Causes day and night. 

Focault’s Experiment: French Scientist u. 
B.L. Focault gave an active demonstra- 
tion of rotation of the earth about its axis 
with the help of a freely swinging pen- 
dulum. This experiment is known as 
Facault’s experiment. As shown in Fig. it 
consists of an iron ball with the tower 
conical part. The ball was suspended by 
an inextensively wire about 66 m long 
from the centre of a dome in Paris. A line 
was marked in the North-South direction 
on the sand dome. The pendulum was 
set to oscillate in the North-South direc- 
tion. During each oscillation, the pointed 
end of the ball will cut off furrow in the 
sand below tt. It was observed that each 
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furrow was ina slightly diterent direction 
than the previous one. To the audience, 
it {ooked that the dome ts turning slowly 
about ts axis. it shows that the earth is 
rotatina, When the plane of direction of 
motion of pendulum remains the same, 
the meridian of the dome goes on chang- 
ing. It proves that earth is rotating Con- 
tinuously about its axis. 

Revolution of earth around the sun: The 
earth revolves around the sun in a faxed 
ambit calfed the ellipse. 


Lawer conical par 
ee 


= 


DN, experiment 


Fig. 
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Solar Day: A solar day is the time between 
two consecutive NoONS ON successive 
days. 

Sidereal Day: \t is the time interval be- 
tween two consecutive instants when a 
fixed star (far away from the sun and the 
earth) comes just opposite to the ob- 
server on the earth on successive days. 


Difference between sidereal and solar 
days. 


Sidereal da 


(i) It is defined with] It is the time interval 
reference to a fixed| between two conse- 
Star /.e. itis the time/cutive noons. We 
during which the| know that the earth 
earth rotates through! is revolving around 
360°. the sun in fixed 
(ii) One sidereal dayjorbits. tf 6 is the 
= 23 hrs. 5-6 minutes | angle covered by the 
4-1 sec. earth around the 
sun, thus the solar 
day = 360° + 6 one 
solar say = 24 hrs. 


Air Pollution 


Air pollution is increasing day by day. It 
iS Said that motor-vehicles are respon- 
sible for this. It is a fact because the 
motor vehicles emit large amounts of 
gaseous pollutants into the air and hence 
cause increased air pollution. The 
various pollutants emitted by the ex- 
hausts of motor vehicles like trucks, Cars, 
scooters and buses are: 

(\) Carbon monoxide, CO (ii) Carbon 
dioxide. COs (iii) Sulphur dioxide, SQe 
(iv) Unburnt hydrocarbons like octane, 
Cx H.« ¢v) Nitrogen oxides like NO and 
NO». The potlutian produced by vehicles 
of automobiles can be cliecked to some 
extenitiry the following methods: 

i By tre catalytic oxidation of exhaust 
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gases using platinum catalyst. 
2. By adding tetraethyl lead to petrol. 
3. Bykeeping the vehicle propery tuned 
for optimum ignition of fuel. 
Industria! plants are also responsible for 
air pollution. For example if an industrial 
plant or factory is set-up near a city for the 
extraction of copper metal from its sulphide 
ore, then it will emit gaseous pollutants like: 
carbon monoxide, CO; carbon dioxide, CO2 
hydrogen sulphide H25; sulphur dioxide, 
SQ, and sulphur trixide, SO3. All these 
noxious gases will pollute the air in and 
around the city. fuels like coal and oil in the 
factory, whereas H2S, SO2 and SO3 come 
from the processing of sulphide ore will pol- 
lute the air. 


The harmful effects of these gases are 
dangerous. Carbon monoxide is a 
poisonous gas which leads to respiratory 
problems in men and animals; carbon 
dioxide enhances the green-house effect 
leading to excessive heating of the earth and 
its atmasphere: hydrogen sulphide is a 
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poisonous gas which tamishes silver ob- 
jects and blackens lead paints: sulphur 
dioxide and sulphur trioxide produce acid 
rain and damage crop plants and marble of 
buildings and it may cause asthama to 
human brings. 


eurther some of the important effects on 
the local climate caused by the installation of 
heavy industries are— (i) Air pollution (ii) 
Rise in atmospheric temperature (ili) Change 
in humidity, (iv) Ecological imbalance. 


Corrosion 


Corrosion of metals is the slow destruc- 
tion of metal as a result of chemical attack 
by air, moisture and pollutants present inthe 
atmosphere. 


In the process of corrosion, the useful 
metals are oxidised by the oxygen presents 
in the air in the presence of moisture to form 
metal oxide and metal hydroxide. 


These metal compounds are non-sticky 
and strif off exposing fresh metal surface for 
further corrosion. 
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Thus, corrosion is an unending process 
which gradually finishes up the whole metal. 

lron Meta! Corrodes in the presence of air 
and moisture to form a brown coating of a 
mixture of iron (Ill) oxide and iron (ill) 
hydroxide on its surface. 

Actually, corrosion.of iron is called rust- 
ing. While other metals corrode, iron rusts. 

The two conditions necessary for the 
corrosion of metals to takes piace are: (i) 
presence of oxygen, and (ii) presence of 
moisture in air. 

The presence of pollutants in the air in- 
creases the rate of corrosion of metals. This 
is because air polluted with smoke emitted 
by factones contains acidic gases like nitrogen 
dioxide, sulphur dioxide and carbon dioxide, 
which corrode the metals even more faster. 

Corrosion of metals can be prevented by 
coating the metal with a protective layer of 
paint, vamish or grease. A metal like iron 
can, however, be protected from corrosion 
dy giving a thin coating of another metal like 
tin zinc or chromium, which cannot be cor- 


482 Physics 


roside easily. Some metals build up theirown 
protective layer. For example, when zinc 
metal is exposed to atmosphere, it reacts 
with the oxygen of air to form a thin film of 
zinc oxide on its surface. This oxide layer is 
impervious to air and moisture and protects 
zinc metal from further corrosion. Similarly, 
aluminium metal also builds up its own 
protective oxide layer which protects it from 
further corrosion. 

Polluted air also corrodes metals be- 
cause it contains acidic gages like sulphur 
dioxide and nitrogen dioxide. In the atmos- 
phere, sulphur dioxide is converted into sul- 
phuric acid whereas nitrogen dioxide is 
converted into nitric acid. 

- Sulphuric acid and nitnc acid are washed 
down to earth with rain water causing acid 
rain. The dilute acids present in rain corrode 
metal gradually. 

Any sculpture made of bronze metal lost 
its lustre due to corrosio.) of copper metal 
present init which is caused by acidic oxides 
present in polluted air. 
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| Smog 


Smog is a major pollution problem is big 
metropolitan cities having a lot of industries 
and automobiles. Smog is a combination of 
smoke and dust particles with the tiny 
droplets of fog containing poisonous gases 
discharged by the buming of fuels in homes, 
factories and automobiles. 

Smoke and Dust + Fog and Harmful 
gases — smog. 

The harmful gases present in smog are 

-uSually sulphur dioxide and peroxy acyl 
nitrate (PAN). Smog forms a sort to thick, low 
lying cloud over the highly populated 
metropolitan cities during the winter season. 
Smog occurs in winter when the suspended 
tiny droplets of fog containing poisonous pol- 
lutants condense on the solid particles of 
smoke and dust in the air. The smog 
produced from sulphur dioxide as pollutant 
is called chemical smog whereas that 
produced by the action of nitrogen oxides is 
called photochemical smog. 


Smog is a very dangerous air pollutant 
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and it have the following effects— 


1. Smog causes irritation ta the eye, 
nose and throat. 

2. Smog causes respiratory complica- 
tions like asthma attacks. In fact, 
smog iS a very Serious health hazard. 
Smog is harmful to all the organisms 
which breathe it. 

3. Smog has an adverse effect on the 
growth and development of plants. 

4. Smog reduces the visibility to a very 
low level causing the disruption of 
road and air traftic and accidents. 

Particulate 


Most of the particulate pollutants are the 
Products of combustion of fuels (burning of 
fuels) in homes. transport and industry. 

For example, buming of coal produces 
smoke and fiyash, which is discharged into 
the atmosphere. Smoke and flyash contain 
unbumt carbon particles. 

Incomplete combustion of hydrocarbon 
fuels like kerosene produces particulate pol- 
lutants k@ Sool. Combustion of petrol in 
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automobiles emits various particulate lead 
compounds into the air. The cement industry 
emits particulates called cement dust into 
the atmosphere. The industrial operations 
like blasting, drilling, grinding, crushing 
mixing and drying, also release particulate 
matter Into the atmosphere, and cause pot 
lution. Some of the natural sources of par- 
ticulate matter in the atmosphere are— 

Dust storms, Sand storms, Forest fires, 
Plants, Volcanoes and Sprays from ocean 
waves. 

Dust storms and sand storms put a lot of 
dust particles and sand particles into the 
atmosphere; forest fires give a lot of smoke 
tothe alr; plants give particulates like spores, 
pollen grains, bacteria and fung} into the air, 
voicanoes emit smoke and mineral particles 
into the atmosphere whereas spray from the 
ocean waves puts common satt particles Into 
the air. 

The finely divided solid or liquid particles 
suspended in air are called particulates. 


The particulates are a kind of pollutants 
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In the alr. Some of the examples of particu- 
late matter of particulates in the atmosphere 
which act as alr pollutants are: Smoke, 
Fumes, Mist, Spray, Fly-ash, Spores, Pot 
len-grains, Fungi, Bacteria, Viruses, Hair, 
Lead dust, Fur, Mercury dust, Asbestos dust, 
Cement dust, Sand, Sodium chloride, Dust 
Fluorides and agricuttural chemicals like 
Pestickles and insecticides. 


The various Il! erfects of the particles 
matter of the atmosphere are as foflows— 


Particulates reduce the visibility by 
producing haze in the atmosphere. 


The Parsticulate pollutants cause various 
allergic reactions, bronchial asthma, tuber- 
culosis and other infections. This Is because 
pasticulates attack the respiratory track of 
men and animals and damage the tissues in 
the lungs. 


The paniculates like smoke blacken the 
buildings and our clothes. 


Particulates inthe air reduce the amount 
of solar radiation reaching the earth and 
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tence disturb the thermal balance ot earth. 


The aerosol particulates tike fog are 
capable of absorbing and concentrating 
poisonous gases and hence cause more 
serious air pollution like smog. 


Allthe metals are toxic to some extent to 
allthe living organisms like men, animals and 
plants. Some metals are less toxic whereas 
others are more toxic. some of the more toxic 
metals when inhaled or ingested in apprect 
able amounts are : Lead, Mercury, Cad- 
mium, Zinc, Arsenic tron, Tinand Aluminium. 
Many metals are toxic to the plants even in 
small quantities and render them unsafe for 
human consumption. 


The lead particles and mercury partides 
are the two types of metallic partides which 
are very toxic to living organisms. 


Asbestos particles are the non-metallic 
particles which are very toxic to Iiving or- 
ganisms like human beings. 


Lead is a very poisonous metal. The 
concentration of lead particles in the air of 
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big cities in quite high. Lead particles are 
emitted into the air through automobile ex- 
hausts (because of the presence of 
tetraethyl lead in petrol). The industries 
engaged in lead mining; lead smelting and 
refining; manufacture of lead storage bat- 
teries; lead alloys; and lead paints, etc., also 
contaminate air, water, soll and food crops 
with lead particles. The use of lead 
aresenate as a pesticide afso causes lead 
pollution. The ill effects of tead particles on 
the human heings are the following: The 
excessive level of lead in the tissues and 
blood of human beings causes a disease 
known as lead - polsoning. The initial 
symptoms of lead polsoning are Nausea, 
insomnia, Constipation, Fatigue, Abdominal 
pain and Anaemia. These are followed by 
muscular paralysis and merital disorders. 
Lead poisoning can even lead to permanent 
brain damage in children. 

The mercury metal and its compounds 
are highly toxic (highly poisonous). Mercury 
metal enters the environment mainty through 
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the dumping of mercury-containing industrial 
wastes into the environment, particularty 
water bodies. 


Mercury poisoning causes a disease 
known as minamata In human beings. The 
mercury poisoning or minamata weakens 
{he muscles amd vision and Nearing capacity 
are Impaired. This is followed by brain 
damage leading to metal retardation and 
paralysis. The crippled person guite often 
becomes insane and then dies Minamata 
disease resulted In the death of fishermen in 
the coastal areas of Japan who are fish 
contaminated with mercury. 


Fish trom polluted water is the major 
source of mercury intake by man. Mining 
operations for mercury ores and the use of 
mercury compounds as fungicides and pes- 
ticides In agricutture also releases substan- 
tlal amounts of mercury particles into the 
environment. Combustion of fossil fuels like 
coal and petroleum, and roasting of sulphide 
ore of mercury release mercury vapours Into 
the atmosphere. , 
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Asbestos 


Asbestos is a fibrotic lung disease which 
is caused by the prolonged Inhalation of 
asbestos particles. The asbestos dust par- 
ticles keep on depositing In the lungs and 
cause a progressive decrease In the func- 
tonal capactty of lungs. The normally thin- 
walled alveoll and small bronchioles become 
thickened with fibrous asbestos tissue and 
the lungs tose their elasticity. 


The important sou. :es of asbestos dust 
are asbestos mining, processing and 
manufacture of asbestos sheets, flooring 
(tiles), insulating materials, fire-proof fabrics 
safety curtains and automobile brake linings. 
Asbestos Is a mineral fibre or fibrous 
material. Asbestos dust ts a hazardous air 
pollutant. The prolonged inhaling of asbes- 
tos dust by human being causes a disease 
known as asbestosis, and also lung cancer. 


Noise pollution 


The unwanted, harsh and loud sound Is 
known as noise. The disturbance produced 
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in environment by the undesirable loud - 
sounds of various kinds Is called nouse pol- 
lution. Noise Nas an adverse effect on the 
mind, and behaviour of a man. Noise is 
considered a pollutant. It is the loudness and 
duration of the noise which disturbs us and 
causes physical discomfort and temporary 
or permanent damage to our hearing 
capacity. Noise pollution has become espe- 
Clay acute in (city areas) because of dif- 
ferermt kinds of loud sounds produced by 
various machines which vary from loudly 
played transistor radio and loudspeaker to 
the thundering of a jet plane. 


The important sources of noise poltution 
in transpon homes, and industry are as 
follows. 


Road, rail and air traffic cause a lot ol 
nose pollution in all the big citles. The en- 
ginesandhomsof vehicleslike motor-cycles 
scooters, cars, trucks, buses trains andeven 
aeroplanes in a big city produce a lot of 
noise. The local and inter-state trains 
produce noise pollution by blowing their 
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powertul horns. The landings, take offs and 
{lying of aeroplanes is another source of loud 
noise In big cities. 


The sources of noise pollution in the 
homes are loudly played music systems like 
radios, stereos, television and loud- 
speakers some people are in the bad habit 
of switching on their music systems at full 
volume. This creates a lot of nolse and pot 
lutes the environment. Similarty, some 
people use loud-speakers at full volume 
during social and religious functions or 
dunng elections. This creates unbearable 
notse pollution in the whole locality. The 
modern household gadgets like mixer and 
grinder, vacuum cleaner, washing 
machines, coolers, air-conditioners, etc., are 
other sources of noise pollution In homes 
because all these appliances make quite 
loud noises when they are in use. 


Almost all the factories and industries 
use various types of small and big machines 
which make loud and irritating noises of dif- 
ferent kinds. Printing presses, electricity 
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generating plants, textile factories, steel 
fabricating plants, etc., all of produce a lot of 
noise pullution inside the factory as well as 
in their neighbourhood. 

Sudden noise from a blast or an ex- 
plosion can cause acute damage to the ear 
drum whereas prolonged exposure to loud 
noise can cause yradual hearing loss and 
ultimately lead to deafness. 

Noise interferes in Communication to 
other persons. During the rattling noise of 
various machines in a factory cannot talk or 
hear properly even a person standing near- 
by. 

Noise causes headache, and extreme 
emotional behaviour. It also aggravates 
existing diseases. 


Noise increases nervous tension, blood 
pressure and heart trouble. Such effects 
have been noticed particularly among fac- 
tory workers who are exposed to constant 
noise from machines. 

Noise disturbs our peace of mind, it dis- 
turds our Sleep as well as Our work. 


Space Exploration 


Space means outer space or the region 
beyond earth. Itis that portion of the universe 
which is beyond the immediate influence of 
earth. The study of region beyond earth and 
the objects present in it is called space 
science. 


Space science is used for continuous 
weather monitoring and weather forecasting 
on the earth. This is done by using weather 
Satellites stationed in outer space. 


Space science is used for making long 
distance communications, like long distance 
telephone calls, television broadcasts and 
radio broadcasts. This is done by means of 
communication satellite stationed in outer 
space and is known as Satellite communica- 
tions. 
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Space science is also used for the collec- 
tion of information about other planets and 
outer space. This is done by sending the 
space probes. 


A communication satellite is a space- 
craft circling high above the earth which can 
raceive radio-telephone, radio and T.V. sig- 
nals from a particular earth station, amplify 
these Communication signals and then re- 
transmit these amplified signals to various 
other eart:) stations around the word. Com- 
munication satellites are being used increas- 
ingly to handle long distance telephone, 
television and other transmissions around 
the world. Ourccuntry has developed its own 
communication satellite INSAT-1 series 
which have brought television service even 
to remote, inaccessible villages of our 
country. 

Satellite communication 

Satellite communication is an important 
application of space science. “Satellite 
communication” means “communication 
through the use of Satellites." 
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In satellite communications, the artificial 
earth satellites positioned in space above the 
earth are used as relay stations for amplify- 
ing and transmitting the signals of radio 
telephones, radio and television broadcasts 
from one part of the earth to other parts. 


In fact, earth satellites provide radio and 
television service to much of the word. Com- 
munication satellites have also been used to 
relay educational and health information to 
isolated villages directly through satellite 
television. 


An important advantage is that com- 
munication satellites san be used when 
other forms of communications are either 
impossible or too expensive. Another ad- 
vantage of satellite communication is that 
the hour-to-hour changes in the atmosphere 
have no adverse effect on the quality of 
programmes broadcast viasatellite. The sig- 
nals received back from the satellite are 
absolutely free from any distortion. 


A communication satellite is a space- 
Craft circling high above the earth. A com- 
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munication satellite has an amplifier art a 
transmitter which work with solar energy. A 
net-work of transmitting and receiving 
ground-stations is set up throughout the 
country or throughout the word. The ex- 
tremely short wavelength. T.V. waves, radio 
waves and radio-telephones waves carrying 
the messege are beamed up to the satellite 
from one of the ground stations. The satellite 
amplifies these electromagnetic com- 
munication signals and then transmits the 
amplified signals to all the far ground sta- 
tions. These ground stations have receivers 
which re-convert the signals obtained from 
satellites into radio programmes, telephone 
conversation or T.V. programmes. Hence a 
communication satellite in the sky acts as a 
relay station, amplifying and re-transmitting 
radio. T.V and radio-teleohones signals. 

Moon is the natural satellite of the earth 
but it cannot be used for communication 
pumoses due to the distance between earth 
and moon is very, very large. 


The time of rotation of moon on its axis 
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iS Not 24 hours like that of earth. 


Moon is not rotating in the equatorial 
plane of the earth. 


Weather monitoring 


These days weather monitoring and 
forecasting is being done with the help of 
those artificial satellites called weather satel- 
lites stationed in outer space. The weather 
Satellites contain a wide variety of scientific 
instruments to monitor the climatic factors 
like air pressure, humidity, air temperature, 
and other changes taking place in the upper 
iayer atmosphere of earth. Weather satel- 
lites are fitted with powerful*television 
cameras to take the pictures of cloud ‘srma- 
tions in tne atmosphere over large areas of 
the earth's surface. 

Weather satellites also carry a large 
vanety of scientific instruments of Sense the 
weather condition prevailing in the atmos- 
phere. The photoyraphs taken by satellite 
Cameras and other related data are relayed 
(othe earth. In this way, the weather satellite 
cameras provide large scale matier and 
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weather photographs of the different parts of 
earth. From these satellite photographs and 
other related data relayed by weather satel- 
lite, itis possible toknow in advance whether 
@ particular area is going to have rainfall, 
snowfall of even a cyclone can be 
forecasted. 

India has so far launched three artificial 
satellites which work both as communication 
satellites as well as weather satellites. 

These are INSAT-1A, INSAT-1B and 
INSAT-1C. (INSAT stands for Indian Nation- 
al Satettite} 

Out of these three artificial satellites 
INSAT-1A got damaged completely during 
the launch process whereas the power sys- 
tem of INSAT-1C got damaged partially. But 
INSAT-1B is in perfectly working order since 
October 1983 when it was launched. Even 
INSAT-1C is working but at a reduced 
capacity. 

At present in our country, artificial satel- 
lite INSAT-1B is being used for weather 
lorecasting, e’pecially rainfall, snow-fall and 
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cyclone forecasting since 1983. 


INSA’-1B is sending weather 
photographs showing the cloud formations 
over large areas of our country every haff- 
hourly. These Satellite photographs are 
studies by the experts of Meteorological 
department and then weather forecasting is 
done on the basis of these atmospheric pic- 
tures and other relatec data. 


INSAT is being use J for direct broadcast- 
ing of television programmers to the remote 
areas of Our country and is being used for 
long-distarice telephone calls like overseas - 
communications. 


{NSAT is being used for continuous 
weather monitoring and weather forecasting 
by making meteorological observations in 
the sky and sending atmospheric pictures to 
the earth and is being used for connecting all 
the radio stations and television stations of 
the country to a National Hook-Up. The Na- 
tional-Network. T.V. programmes, Radio 
programmes and weather forecasting in 
India is being made possible by INSAT-1B. 


Space Exploration 501 


Information from other planets 


The collection of information about other 
planets and outer space Is done by sending 
specially designed space vehicles called 
space probes. The space probes contaln a 
wide variety of scientific Instruments and 
television cameras, 6:C., to collect and trans- 
mit data and pictures of other planets and 
outer space. These space probes have 
provided us close-up pictures and other data 
about planets and other objects in the other 
space, and have vastly Increased our 
knowledge about space and the objects in it. 
Sometimes manned space vehicles are also. 
sent into outer space to collect data and 
make other studies. America and Soviet 
Union are now working towards establishing 
permanently manned space stations in outer 
space to collect information about other 
planets and outer space. Russians launched 
their space-station programme in 1971 with 
the Salyut series ot space-station. Equipped 
for earth, solar and astronomical observa- 
tions and material processing experiments, 
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they are visited regularly by crews flown up 
in Soyuz space-craft. Some crew members 
have stayed on salyut space-station for over 
6 months at a time. 


The exploration of outer space began 
wth the successful launching of the Russian 
artificial satelilte called Sputnik-1 in the year 
1957, and accelerated by Yuri gagarin’s first 
manned flight in space aboard a space-craft 
Called Vostok-1 inthe year 1961. inthe same 
year, Alan shepard plioted the first American 
manned spacecraft and President John Kerr 
nedy of America set the goal of landing a 
man on the moon and retuming him safely 
wthin the same decade. The first space- 
walk was undertaken by Alexel Leonove Is 
October 1964. 


The most exciting space programma irr 
volving the moon has been the Apolio project 
of America which ultimately landed man oh 
the moon. It was the Apollo-11 space-craft: 
of America which took man to the moon. The 
two astronauts who landed on the moon on 
July 20, 1969 were Armstrong and Aldrin. 
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They brought back samples of moon soll and 
rocks for analysis and examination. in 1973, 
Russia sent an unmanned wheeled vehicle 
Lunakhod aboard Luna space-craft to moon 
which also brougit back samples of moor 
soil to the earth tor testing. Lunakhod was 
driven by remote control from the earth. 


The moon has been explored by a variety 
of moon probes called ‘Luna’ series begun 
by Russia in the year 1959. Sorne space 
crafts crashed Into the moon’s surface 
others flew past the moon or wert into 
moon's orbit Luna-3 was the first space-craft 
to go completely round the Moon. inthe year 
1960, Luna-3 photographed that side of the 
moon which ts not visibie from the earth and 
transmitted the first photographs of this area. 
These photographs show the presence of 
craters, dark plane and mountains on the 
other side of the moon, just like those present 
onits visible side and observed through tele- 


scopes. 
Exploration of the planets has been car- 
fled out by unmanned probes. Though the 
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planets are millions of kilometres away, but 
space probes have already reached some of 
the planets and are approaching other 
planet. The American Mariner space 
programme has studied three planets: Mer- 
cury, Venus and Mars through space 
probes. 


~ SYMBOLS FOR PHYSICAL QUANTITIES 


Name of quantity Symbol 
absorportion factor a 
acceleration 

activity, radioactivity 
admittance 

angle of optical rotation 
angular frequency 

angular velocity 

area 

atomic mass 

Bohar magneton 

Bragg angle 

bulk modulus 
characteristic temperature 
charge density 

coefficient of friction 
compressibility 
conductivity 

cross section 
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cubic expansion coefficient 
Curie temperature 
Debye temperature 
decay constant 
density 

diffusion coefficient 
Dirac constant 
efficiency 

electric Current 

electric current density 
electric dipole moment 
electric flux 

electrical potential 
electric potential difference 
electric susceptibility 
electron mass 
emissivity 

enthalpy 

entropy 

equilibnum constant 
iermi energy 


Physcis 


Symbol for Physical Quantities 


frequency 
gibbs function 


half life 


Hall coefficient 


heat capacity: at constant 
pressure 


heat capacity: at constant volume 
heat flow rate 

Helmholtz function 

illuminance, illumination 
impedance 

intemal energy 

irradiance 

Joule- Thomsen coefficient 
kinematic viscosity 

kinetic energy 


linear attenuation (extinction) 
coefficient 


linear expansion coefficient 
linear strain (relative elongation) 
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loss angie 

luminance 

luminous emittance 
luminous flux 
luminous intensity 
magnetic field strength 
magnetic flux 


magnetic flux density, magnetic 
induction 


magnetic moment 

magnetic moment of particle 
magnetic quantum number 
magnetic susceptibility 
magnetization 
magnetomotive force 

mass excess 

mass number, nucleon number 
mean free path 

mean life 

molarity 

molecular momentum 


MA 


p (Dx, Py, Pz) 


Symbol for Physical Quantities 
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molecular position (fe, ty fe) 
molecular velocity U (Ux, Uv, Uz) 
momentum of inertia I 
momentum P 
most probable speed U 
mutual inductance M, Li2 
Neel temperature 6n, Tn 
Neutron mass Mn 
nuclear magneton UN 
nuclear spin quantum number J 
nucleon number, massnumber A 
Number of molecules N 
orbital angular momentum Loh 
Osomctic pressure HI 
packing fraction f 
permeability vt 
permittivity € 
Planck function Y 
plane angle aBpyey 
pola-izability ay 


position vector, radius vector 
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potential energy Ev, V, 9 
principal quantum number nn 
propagation coefficient Y 
proton mass my 
quantity of heat q,Q 


quantum number of electronic spin S, s 
quantum number of nuclear spin |! 


Quantum number of vibractional v 
mode 


radiance Le,L 
radiant existence Me, M 
radiant flux, radiant power Ye, D 
radiant intensity le, | 
ratio of heat capacities Cp/Cy yk 
reduced mass j 
reflection factor p 
refractive index n 
relative atomic mass Ar 
relative density d 
relative permeability ur 


relative permittivity Er 


Symbol for Physical Quantities 


(dielectric constant) 
relaxation time 
resistivity 

Reynolds number 
rotational quantum number 
shear modulus 

solid angle 

specific heat capacity: 
at constant pressure 
specific heat capacity: 
at constant volume 
specific optical rotatory power 
specific (ratio) activity 
specific volume 

— Speed 

spin quantum number 
surface charge density 
Surface tension 
Susceptance 
temperature 

thermal conductivity 
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thermal diffusion coefficient 
thermal diffusion factor 
*hermal diffusion ratio 
thermal diffusivity 
thermodynamic temperature 
time 

transmission factor 

velocity distribution function 
velocity of light in a vacuum 
velocity of sound 

vibrational quantum number 
viscosity 

volume 

volume (bulk) strain 
wavelength 

wavenumber 

weight 

work 

work function 


Young’s (modulus of elasticity) 
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